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 Quantum-mechanical calculations were performed to model the interactions of U(VI), 
Np(V), Pu(VI), and Eu(III) with carboxyl and hydroxyl functional groups of graphene oxide (GO). 
Models were created for sorption to a single sheet of GO. For U(VI) and Eu(III), models were also 
created for sorption to two sheets to evaluate the possibility of cation-induced GO aggregation 
via cation cross-linking of GO sheets. The quantum-mechanical calculations were used to 
characterize the sorption reactions in terms of energetics and vibrational peak shifts. The 
calculations performed used Gaussian09 with the B3LYP hybrid functional. Sorption was seen as 
favorable for all cations considered; the order of energetic favorability for sorption to one sheet 
was Pu(VI) > Eu(III) > U(VI) > Np(V). In general, differences in favorability of sorption to carboxyl 
versus hydroxyl groups were relatively small; sorption to deprotonated groups was more 
favorable (i.e., lower sorption energy) than sorption to protonated groups. For U(VI) and Eu(III), 
sorption to two GO sheets was more favorable than sorption to a single sheet, indicating that 
cation-induced GO aggregation via cation cross-linking of GO sheets is likely an important 
mechanism for U(VI) and Eu(III) interaction with GO. For U(VI), Np(V), and Pu(VI), the vibrational 
peak shifts associated with the sorption reactions varied depending on the cation, functional 
group, and number of GO sheets involved in the sorption. The magnitudes of these shifts may 
provide insight for the development of analytical methods for evaluation of the interactions 
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CHAPTER ONE: INTRODUCTION 
In the past decade, graphene has been widely studied for a broad range of applications 
including electronics, batteries, and composite materials.1 These potential applications are 
possible partly due to graphene’s high thermal and electric conductivity, as well as its large 
surface area to volume ratio. Graphene is normally covered with epoxide, hydroxyl, and carboxyl 
functional groups.2,3 Graphene functionalized with these groups is known as graphene oxide 
(GO). The presence of these highly-reactive functional groups is also crucial to many of the 
potential applications of graphene.4 
One potential application that takes advantage of GO’s highly-reactive functional groups 
involves the sorption of radionuclide (particularly actinide and lanthanide) cations to the 
functional groups. Previous experiments have shown that under environmental conditions (pH ≈ 
4.5-7.0), GO has a high affinity for Eu(III)5,6, Th (IV)5,7, U(VI)5,8-10, Pu(IV)5, and Am(III)5. Oxidized 
ordered mesoporous carbon, which is functionalized similarly to GO, has also been shown to 
have a high affinity for Pu(VI) (via reduction to Pu(IV)) and Eu(III).11 For Eu(III) and U(VI), as-yet 
unpublished surface complexation modeling (SCM) experiments12 performed in conjunction 
with this project have shown that the carboxyl groups of GO dominate sorption at 
environmental conditions. 
Quantum-mechanical (QM) studies have also demonstrated the energetic favorability of 
Th(IV) (coordinated with NO3
-)7, U(VI)13,14, Np(V)15, Pu(IV)15, and Pu(VI)15 sorption to GO in 
aqueous solutions. These studies showed that for a particular cation, the favorability of sorption 
varies depending on which GO functional group (epoxide, hydroxyl, or carboxyl) is involved in 
the sorption reaction. Different functional groups were favored by each of the cations studied. 
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Calculations for U(VI)13, Np(V)15, and Pu(VI)15 also indicated redshifting of the asymmetric actinyl 
stretches upon sorption to GO.   
Based on the favorability of these reactions, GO-based materials could potentially be 
useful for the removal of radionuclides from water5, such as wastewater from a nuclear facility 
or runoff from a contaminated site. However, the exact mechanisms for sorption of these 
radionuclides to GO remain unclear, and further QM studies could help characterize the relevant 
sorption reactions and fill in existing gaps in the understanding of the sorption mechanisms. The 
research presented in this thesis utilized QM calculations to characterize the reactions by which 
several important penta- and hexavalent actinide species (U(VI), Np(V), and Pu(VI)) and one 
trivalent lanthanide species (Eu(III)) adsorb to GO. The results of these calculations are 
compared with previously published calculations (for U(VI), Np(V), and Pu(VI)), as well as with 
published and as-yet-unpublished experiments. 
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CHAPTER TWO: BACKGROUND 
2.1. Graphene Oxide 
GO consists of planar, monolayer sheets of sp2-bonded carbon atoms, with hydrogen 
atoms saturating the dangling bonds at the edges of the sheets. GO is amorphous, has no fixed 
stoichiometric ratios (although maximally-oxidized GO has a C:O ratio of about 2:14), and the 
sheets can theoretically be of any size or shape. A number of possible structures for GO have 
been proposed over the past century; however, there is still no universally accepted model for 
GO structure.4    
GO differs from graphite oxide in that graphite oxide consists of many stacked layers of 
carbon sheets, in contrast to GO’s single layer. Graphite oxide is typically synthesized from 
graphite by the Hummers method4,16. This method uses a powerful oxidizing agent, 
diamanganese heptoxide, that is created by the reaction of potassium permanganate and 
sulfuric acid. The additional oxidation of the graphite oxide equates to increased surface 
functionalization of the individual layers, which pushes the layers apart. The graphite oxide can 
then be stirred or sonicated in water to fully separate the layers and create an aqueous solution 
of GO sheets.4 The aqueous GO sheets are therefore similar to the individual layers of graphite 
oxide, although due to the separation process, their average size becomes smaller and the 
distribution of sizes becomes wider.4   
The most widely known and cited model for the structure of GO sheets was developed 
by Lerf and Klinowski2,3 in the late 1990’s based on nuclear magnetic resonance (NMR) analysis 
of graphite oxide. This model proposed that GO is functionalized with three main types of 
oxygen-containing groups: epoxide (O), hydroxyl (OH), and carboxyl (COOH). In general, the 
hydroxyl and carboxyl groups are the most reactive of the three types. These groups are 
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randomly distributed over the GO sheets. However, only epoxide and hydroxyl groups are found 
on (above or below) the plane of the sheet, and only hydroxyl and carboxyl groups can replace 
hydrogen to exist on the peripheral edges of the sheet. The planar groups are oriented 
perpendicular to the plane of the sheet. On a highly-functionalized sheet, the functional groups 
can be very close together, or even adjacent. Some slight wrinkling of the sheets is seen at the 
carbon atoms to which hydroxyl groups are attached, but otherwise functionalization does not 
affect the basic graphene structure. Figure 2.1 shows the possible structure of a GO sheet, 
including locations of the various functional groups.   
 
Figure 2.1: Ball and stick model of a GO sheet with functional groups labelled (yellow=C, red=O, 
blue=H) 
 
A previous QM study17 of carboxyl groups on GO evaluated the favorability of three 
carboxyl sites (corners of sheet, zigzag edges, and armchair edges), and determined that the 
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attachment of carboxyl groups to the corners was most energetically favorable, followed by 
attachment to the zigzag edges. However, graphene sheets have only a small number of corner 
sites, limiting the number of corner carboxyl groups on a GO sheet. Large sheets of graphene 
can have ‘holes’ in the plane of the sheets, and carboxyl or hydroxyl groups can likely exist along 
the edges created by these ‘holes’ as well. 
Most deprotonation of the carboxyl groups of aqueous GO occurs below pH 5.0.18,19  
Therefore, at the environmental conditions (pH ≈ 4.5-7.0) which are of greatest interest to this 
study, the carboxyl (COOH) groups will generally be deprotonated (to COO-), giving the aqueous 
GO a net negative charge. The hydroxyl (OH) groups do not deprotonate (to O-) until above pH 
7.0.19,20 Protonation/deprotonation is not applicable to the epoxide functional groups. 
2.2. Actinide and Lanthanide Interactions with GO 
Previous experimental studies5,9 have demonstrated that >85% sorption of U(VI) to GO 
occurs in aqueous solutions at pH 4.5-7.0. U(VI) sorption to GO is greatest in this pH range due 
to the interaction between the positively charged U(VI) ions and the negatively charged GO9; 
above pH 7.0, sorption drops off, possibly due to U(VI) complexation with carbonate ions in 
solution5. The pH dependence of U(VI) sorption to GO, combined with the independence of 
sorption on ionic strength, confirms that U(VI) sorption to GO occurs primarily via inner-sphere 
complexation.8,9 A very high sorption capacity of 299 mg/g has been demonstrated for U(VI) 
sorption to GO at pH 4.8 The sorption of U(VI) to GO is predicted to occur rapidly5,8,9, and to be 
endothermic and spontaneous8-10.  
Eu(III), Th(IV), Pu(IV), and Am(III) have exhibited >90% sorption in the pH 4.5-7.0 range 
and >80% sorption for pH 3.0-4.5 and pH 7.0-11.0.5 Like U(VI), Eu(III) sorption to GO has also 
been predicted to occur via inner-sphere complexation, and to be endothermic and 
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spontaneous.6 A sorption capacity of 175 mg/g was demonstrated for Eu(III) sorption to GO.6 
Np(V) sorption to GO, which was <20% at pH 4.5-7.05, is seen as much less favorable relative to 
other cations studied, likely due to the lower effective charge of the neptunyl (NpO2
+) cation. 
Previous QM calculations13 have predicted that in aqueous solution, U(VI) sorption to 
deprotonated, edge hydroxyl and carboxyl groups is thermodynamically favorable, but sorption 
to protonated edge hydroxyl functional groups is unfavorable, and sorption to protonated 
carboxyl groups is generally unfavorable. The exception is mono-dentate sorption to a 
protonated carboxyl group, which was determined to be only slightly favorable. Sorption to two 
functional groups on the same sheet was also considered, and was found to be more favorable 
than sorption to a single functional group, particularly for hydroxyl groups.13 Another QM 
study14 of U(VI) sorption to GO indicated that sorption to epoxide groups is much less favorable 
than sorption to deprotonated carboxyl groups. This study also found that U(VI) sorption to 
planar, protonated hydroxyl groups is favorable, but that the hydroxyls are easily abstracted 
from the GO surface by the U(VI). Therefore sorption to surface groups is likely not a significant 
mechanism for U(VI) sorption to GO. 
Another QM study15 indicated that in aqueous solution, Np(V), Pu(IV), and Pu(VI) 
sorption to protonated groups is favorable. Pu(IV) sorption was predicted to be most favorable, 
and Np(V) sorption was predicted to be least favorable. However, this study did not consider 
sorption to deprotonated groups, and for Np(V) and Pu(VI) sorption to protonated carboxyl 
groups, only mono-dentate sorption was considered. It should also be noted this this study 
predicted the favorability of Pu(IV) and Pu(VI) sorption to the epoxide groups of GO, in spite of 
the general lower reactivity of the epoxide groups; for Pu(VI), sorption to the epoxide group was 
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less favorable than sorption to the other groups considered, but for Pu(IV), sorption to the 
epoxide group was most favorable.   
Aqueous GO has been shown to aggregate in the presence of divalent, non-
actinide/lanthanide cations such as Ca(II)19, Mg(II)19, and Cu(II)21, mainly due to cross-linking of 
the GO sheet edges by the cations. Another study22 observed that graphene quantum dots, 
which are synthesized from GO, aggregated following the addition of Eu(III). As-yet unpublished 
experiments performed in conjunction with this project have also observed GO aggregation in 
the presence of Eu(III) or U(VI).12  
2.3. Coordination and Electron Configuration of U, Np, and Pu 
 To perform QM calculations involving metal ions in aqueous solution, it is very 
important to understand the coordination of the ions both before and after complexation with 
relevant substrates. In the penta- and hexavalent oxidation states, actinide cations tend to form 
linear dioxo actinyl moieties (O=An=O).23 Previous QM24,25, molecular dynamics (MD)24,26,27, and 
extended x-ray absorption fine-structure (EXAFS) spectroscopy studies (for U)8 have 
demonstrated that in aqueous solutions, actinyl (AnO2, An = U, Np, Pu) species exist 
predominantly with an equatorial inner hydration sphere containing five H2O molecules. This 
results in an equatorial coordination number (CN) of five, or a total CN of seven including the 
two axial oxygen atoms.  Figure 2.2 shows the structure of UO2(H2O)5




Figure 2.2: Ball and stick model of the UO2(H2O)5
2+ molecule (purple=U(VI), red=O, light blue=H) 
 In general, when actinyl ions form complexes with other materials, the total equatorial 
CN (including water oxygen atoms and surface or functional group oxygen atoms) does not 
deviate significantly from five. EXAFS has shown that uranyl complexed with GO retains an 
equatorial CN of about five.8 In previous QM studies of uranyl13, neptunyl15, and plutonyl15 
sorption to GO, these species were also shown to retain an equatorial CN of five following inner-
sphere complexation with single hydroxyl or carboxyl functional groups of GO. Following uranyl 
complexation on montmorillonite28, silica28, γ-alumina28, hematite29, and sepiolite30, the uranyl 
equatorial oxygen CN is about 5-6, as measured by EXAFS. 
 The U(VI) cation has no unpaired electrons in its ground state configuration, 
corresponding to a spin of zero and a multiplicity of one. For both Np(V) and Pu(VI), an electron 
configuration with two unpaired electrons in the 5f orbital is energetically favored; this 




2.4. Coordination and Electron Configuration of Eu 
 Eu(III) is relevant to nuclear waste disposal because certain isotopes of Eu are produced 
as fission products, and also because Eu(III) is an important analog of trivalent actinides such as 
Pu(III) and Am(III)31. The coordination of aqueous Eu(III), as well as the tri- and tetravalent 
actinides, differs from that of the penta- and hexavalent actinides in that it lacks the two axial 
oxygen atoms of the actinyl moieties, but contains additional water molecules.  Experimental 
(EXAFS) studies predict a Eu(III) CN of 8 +/- 1.32 For aqueous Eu(III), a CN of eight indicates the 
presence of a square-antiprismatic inner hydration sphere containing eight water molecules. 
Figure 2.3 shows the structure of Eu(H2O)8
3+.   
 
Figure 2.3: Ball and stick model of the Eu(H2O)8
3+ molecule (dark green=Eu(III), red=O, light 
blue=H) 
 
In contrast to actinyl ions, the total CN of Eu(III) typically decreases when Eu(III) ions 
complex with other materials. Previous experimental analyses of Eu(III) inner-sphere surface 
complexation with natural minerals have shown evidence that the CN of Eu(III) decreases upon 
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adsorption to these minerals.32-35 EXAFS analyses of Eu(III) complexed with GO nanosheets 
predicted a Eu(III) CN of 6-7.6 
 The ground state of the Eu(III) cation has six unpaired electrons in the 4f orbital.36 This 
corresponds to a spin of six and a multiplicity of seven. 
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CHAPTER THREE: KNOWLEDGE GAPS AND RESEARCH OBJECTIVES 
Experiments have shown significant Eu(III) sorption to GO. Due to the limitations of 
current experimental methods, however, previous experiments have been unable to provide a 
complete description of the mechanisms for Eu(III) sorption to GO. QM calculations can provide 
atom-scale detail of chemical reactions, allowing sorption mechanisms (i.e., which functional 
groups are favored and the coordination of the cations following sorption) and sorption 
favorability relative to that of other cations to be much better characterized. No previous QM 
studies of Eu(III) or trivalent actinide sorption on GO have been performed. Calculations of 
Eu(III) sorption to GO will contribute to better understanding of the sorption of not only Eu(III), 
but also Pu(III), Am(III), and Cm(III) sorption to GO. 
For Np(V) and Pu(VI), sorption to deprotonated carboxyl or hydroxyl GO functional 
groups is likely to be significantly more favorable than sorption to protonated functional groups. 
In addition, at the environmental conditions which are of greatest interest for study of actinide 
sorption to GO, the carboxyl groups are predominantly deprotonated. The deprotonated 
hydroxyl groups may also become relevant above pH 7.0. However, QM studies for Np(V) or 
Pu(VI) sorption to deprotonated carboxyl and hydroxyl GO functional groups have not been 
performed. The results of these calculations, when compared with results of calculations of 
Np(V) and Pu(VI) sorption to protonated groups and U(VI) sorption to protonated/deprotonated 
groups, will add to the understanding of Np(V) and Pu(VI) sorption to GO. 
Experimental observations for U(VI) and Eu(III) suggest that cation-induced aggregation 
is an important factor in lanthanide and actinide sorption on GO. However, the mechanisms of 
this aggregation are not well understood. This aggregation may be due to cation cross-linking of 
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multiple GO sheets, which results in greater charge neutralization than cation complexation with 
a single sheet. QM calculations can help confirm this hypothesis. 
This project addresses these knowledge gaps by meeting the following objectives: 
1) Determine the relative favorabilities of UO2
2+, NpO2
+, PuO2
2+, and Eu3+ sorption to 
various protonated and deprotonated functional groups of GO. 
2) Elucidate the mechanism of cation-induced aggregation by comparing the 
favorability of aggregation (cation sorption to two GO sheets) to that of non-
aggregation (cation sorption to a single GO sheet). 




2+ sorption reactions that can be used to aid in the interpretation of 
experimental Fourier transform infrared spectroscopy (FTIR) spectra. 
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CHAPTER FOUR: THEORY RELEVANT TO QM CALCULATIONS PERFORMED IN THIS WORK 
4.1. Quantum Mechanics 
 Quantum mechanics is the study of the behavior of, and interactions between, 
subatomic particles. The fundamental equation of quantum mechanics is the Schrödinger 
equation, which describes the behavior of subatomic particles in time and space based on the 
principle that these particles have properties similar to waves. For most QM calculations 
(including all calculations performed for this work), it is the behavior of electrons with respect to 
space that is of interest, since molecular geometries, energies, and vibrational frequencies can 
be predicted from this information. Therefore the relevant form of the Schrödinger equation is 
the time-independent form, given by  
?̂?𝜓 = 𝐸𝜓 
where 𝜓 is the wavefunction of a system, ?̂?𝜓 is the wavefunction acted on by the Hamiltonian 
operator ?̂?, and E is the electronic energy (i.e., the total kinetic and potential energy associated 
with the electrons) of the system. The Hamiltonian operator includes individual terms for each 
component of the electronic energy of the system: the kinetic energy of each electron, the 
potential energy of electrostatic attraction for each electron-nucleus pair, and the potential 
energy of electrostatic repulsion for each electron-electron pair. The wavefunction describes 
properties of the electrons in a system such as their orbitals, energy levels, and spin. Therefore, 
wavefunctions indirectly describe the distribution of electrons in the system with respect to 
space. 
 The electron-electron repulsion term(s) of the Hamiltonian operator cannot be 
determined exactly. Therefore, the Schrödinger equation can only be solved exactly for a single-
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electron system (i.e., a hydrogen atom), for which this term does not apply. For atoms and 
molecules with more than one electron, approximations must be used. 
4.2. Ab Initio Calculations and the Hartree-Fock Method 
 In an ab initio (‘from first principles’) calculation, the Schrödinger equation is solved 
(using approximations) for a given molecule, allowing the electronic energy and wavefunction of 
that molecule to be determined. The simplest ab initio calculations use the Hartree-Fock (HF) 
method. An HF calculation starts by taking the product of the individual wavefunctions of all 
electrons in a molecule to create a ‘guess’ total wavefunction. The calculation then utilizes an 
iterative process in which each step consists of solving a one-electron Schrödinger equation for 
every electron in the molecule. For each solution, only one electron moves, and an averaged, or 
‘smeared’ electric field is used to represent the effects of all other electrons. These solutions 
provide improved versions of the individual electron wavefunctions, and when the equation has 
been solved for all electrons, the new one-electron wavefunctions are combined to generate an 
improved total wavefunction. This process is repeated until the difference between the last total 
wavefunction and the wavefunction generated in the iteration before becomes very small (i.e., 
the wavefunction converges). This method of optimizing a wavefunction is sometimes called the 
self-consistent field (SCF) process, because the optimized wavefunction (‘field’) calculated 
during the final step is ‘self-consistent’ with the wavefunction calculated during the second-to-
last step. The electronic energy of the molecule can be calculated from the optimized 
wavefunction. 
 By using ‘smearing’ to approximate the coulombic repulsion forces between each 
electron and the other electrons in a molecule, HF calculations overestimate these forces. This is 
because, in actuality, individual electrons ‘avoid’ each other better than the calculations are able 
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to account for. The repulsion interactions between individual electrons, which HF methods (in 
their basic form) do not properly consider, are referred to as electron correlation. The energy 
associated with electron correlation (and, by extension, the ‘error’ in total system energy which 
results from electron correlation being inadequately accounted for in a HF calculation) is known 
as correlation energy. 
Although HF methods do not properly account for the coulombic repulsion between 
individual electrons, they do account for the ‘repulsion’ that results from the Pauli exclusion 
principle (which states that no more than two electrons can occupy a single molecular orbital, 
and those two electrons must have opposite spin). The energy associated with this ‘repulsion’ is 
called exchange energy. 
4.3. Density Functional Theory 
 In contrast to HF calculations, in which wavefunctions are calculated, density functional 
theory (DFT) calculations deal with probability density functions. These describe the electron 
distribution of a system directly. 
DFT calculations also deal with the uncertainty inherent in calculating electron-electron 
interactions differently than HF calculations. DFT calculations use the Kohn-Sham method, in 
which the electronic energy of a system is considered to be broken into two components: the 
energy of an ideal version of the system in which the electrons do not interact, and the electron 
density is precisely known; and the difference between the first component and the energy of 
the real system. The first component (which includes the kinetic energy of the electrons and the 
energy associated with the electrostatic attraction between the electrons and nuclei) can be 
calculated exactly from the electron density of the ideal system. The second component, which 
is much smaller than the first component, is called the exchange-correlation energy (since it 
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includes the energy associated with the exchange and correlation interactions of the electrons) 
and must be approximated by applying what is known as an energy functional to the electron 
density function of the ideal system. Energy functionals are discussed further in Section 4.4. 
Although DFT calculations do not deal with wavefunctions per se, the Kohn-Sham 
method does utilize the assignment of electrons to molecular orbitals and energy levels for 
certain parts of a DFT calculation. This is similar to the assignment of electrons that is done by 
the traditional wavefunctions used in HF calculations, and it is used in Kohn-Sham DFT 
calculations for computational convenience. DFT (and HF) calculations utilize basis functions, 
which are discussed in Section 4.5, as weighting factors in making these assignments. 
 Like HF calculations, DFT calculations use an iterative process (also referred to as SCF) to 
determine the electron distribution for a molecule. The first step in a DFT calculation is to 
formulate a ‘guess’ of the system electron density by combining density functions for the 
individual atoms in the system. The density function ‘guess’ is then optimized in steps. At each 
step, the density function from the previous step is used along with the exchange correlation 
potential (the derivative of the energy functional with respect to the density function) to 
generate what is known as a Kohn-Sham operator. The Kohn-Sham operator is used with the 
basis functions to determine new orbitals and energy levels. The new orbitals are then used to 
calculate an improved density function. This process continues until both the orbitals and 
energy levels determined at each step converge; at this point, the density function is optimized. 
Once this has happened, the energy functional is applied to the optimized electron density 
function to calculate the exchange-correlation energy, which is added to the ideal system 




4.4. Energy Functionals 
 All DFT calculations use an energy functional. A functional is a mathematical ‘function of 
functions’. The energy functional used in a DFT calculation is a functional that gives an 
approximation of the exchange-correlation energy of a system when it is applied to the electron 
density of that system. If an ‘exact’ functional was available, it would give the exact exchange-
correlation energy for a system, and the total electronic energy of that system could be 
determined exactly. In reality, however, all functionals are approximations, and therefore all 
energies determined from DFT calculations are also approximations. 
 A wide range of functionals have been developed for use in DFT calculations. The 
accuracy of these functionals varies considerably; in addition, certain types of functionals may 
be more accurate for one type of system, while other functionals might be better for a different 
system. Most presently-used functionals use a generalized-gradient approximation (GGA), which 
means that they calculate an exchange-correlation energy using both the electron density 
function and its gradient (derivative with respect to position), as opposed to a local density 
approximation (LDA) that uses only the electron density function.37 Many functionals in common 
use are what is known as hybrid functionals, which are functionals that calculate the exchange-
correlation energy for a system using a weighted sum of both DFT exchange-correlation energy 
and HF exchange energy (calculated from the Kohn-Sham orbitals and energy levels). Hybrid 
functionals are utilized because, for many applications, they produce a more accurate result 
than pure DFT functionals.37 The percentages of the functional that are devoted to DFT versus 
HF energies depend on the intended use of functional, and for most commonly-used 
functionals, they are determined by experimental parameterization.37-39  B3LYP, which is the 
most widely used functional for DFT calculations and is regarded as a good ‘general purpose’ 
18 
 
functional for most calculations, uses 20% HF exchange energy and 80% DFT exchange-
correlation energy.37,38 Another, newer group of functionals, M0639, is sometimes applied for 
some specific applications such as thermochemistry and transition metal bonding calculations. 
Two common M06-group functionals, known as M06 and M06-2X, use 27% and 54% HF 
exchange energy, respectively. 
4.5. Basis Functions and Basis Sets 
 Basis functions are the weighting factors used to assign electrons to orbitals and energy 
levels. A basis set is a set of all the basis functions that are needed for a given atom in a system. 
To perform a QM calculation on a molecule, a basis set must be selected for each type of atom 
(element) contained in the molecule. 
 Basis functions are usually calculated using mathematical minimization techniques, and 
defined using linear combinations of Gaussian functions.37 These linear combinations generally 
provide good approximations of the spatial probability distributions of electron(s) in individual 
atomic orbitals.37 Basis functions that combine larger numbers of Gaussian functions provide 
better approximations of electron distribution, but they also increase the computational 
expense of QM calculations.37 
A minimal (small) basis set for a given atom includes one basis function for each atomic 
orbital that could potentially contain electrons associated with that atom. For example, a 
minimal basis set for a first-row atom (H or He) would only contain one basis function (for the 1s 
orbital), but a minimal basis set for a second-row atom (Li through Ne) would contain five basis 
functions (for the 1s, 2s, 2px, 2py, and 2pz orbitals). An example of a minimal basis set is STO-3G.
 
Medium-sized basis sets, such as 3-21G and 6-31G40, split the valence orbitals into inner 
and outer shells, each of which has its own basis function. Each core orbital is still represented 
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by a single basis function. These types of basis sets are known as split valence basis sets, and 
they are used because they allow more realistic electron distributions to be calculated. 3-21G or 
6-31G basis sets for first-row atoms contain two basis functions (both for the 1s orbital). For 
second-row atoms, these basis sets contain nine basis functions (one for the 1s orbital, and two 
each for the 2s, 2px, 2py, and 2pz orbitals). The 3-21G basis set is so named because the core 
orbital basis functions are linear combinations of three Gaussians, the inner valence shell 
functions are combinations of two Gaussians, and the outer valence shell functions are one 
Gaussian. Similarly, the 6-31G basis set’s core orbital basis functions, inner valence shell basis 
functions, and outer valence shell basis functions combine six, three, and one Gaussian, 
respectively. 
The 6-31G(d) basis set (also called 6-31G*) is the same as the 6-31G basis set, except 
that polarization functions are added for the d orbitals for all heavy atoms (second row and 
above). For the second-row atoms, 6-31G(d) basis sets contain 15 basis functions- the nine 
functions from the 6-31G(d) basis sets, plus six 3d functions (the polarization functions).37 By 
shifting the basis functions for other orbitals, the polarization functions allow the electron 
distribution to be polarized, avoiding a more isotropic distribution which would be inappropriate 
for many systems.37 Since polarization functions are crucial for accurate QM calculations for a 
wide variety of molecules, basis sets with polarization functions are typically used; 6-31G(d) is 
one of the most widely-used basis sets.37 A variation of the 6-31G(d) basis set known as 6-
31G(d,p) (or 6-31G**) adds polarization functions for the p orbitals for H and He. The 6-31G(d,p) 
basis set (and other basis sets with p orbital polarization functions) can be useful for calculations 
involving hydrogen bonding.37 
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The 6-31+G(d) and 6-31+G(d,p) basis sets add diffuse functions for heavy atoms to the 
6-31G(d) and 6-31G(d,p) basis sets, respectively. In a molecule, valence electrons that are not 
involved in bonding are typically further from the atomic nuclei than the valence electrons 
which are involved in bonds. These electrons are important in many types of molecules because, 
collectively, they can create significant electron density far from nuclei.37 Diffuse functions are 
Gaussian functions that drop off very slowly with increasing distance from the nuclei, and 
including them in a basis set helps account for this ‘diffused’ electron density.37 For the heavy 
atoms (second row and above), 6-31+G(d) adds one diffuse function for each valence orbital.37 
The 6-31+G(d) basis sets for the second-row atoms contain 19 basis functions- the 15 functions 
from the 6-31G(d) basis sets, plus one diffuse function for the each of the 2s, 2px, 2py, and 2pz 
orbitals.37 
6-311G41, 6-311G(d), 6-311G(d,p), and 6-311+G(d,p) are larger versions of the 6-31G, 6-
31G(d), 6-31G(d,p), and 6-31+G(d,p) basis sets, respectively. In contrast to the 6-31G basis sets, 
which split the valence orbitals into two shells, the 6-311G basis sets split the valence orbitals 
into three shells. For the 6-311G basis sets, the core orbital basis functions are linear 
combinations of six Gaussians, and the three functions of the triply-split valance orbitals are 
three, one, and one Gaussian. 
For QM calculations performed on molecules, the basis functions for every atom in the 
molecule are added together to give the set of basis functions for the entire molecule. As an 
example37, consider a QM calculation performed for CH2 using the 6-31G(d) basis set for both C 
and H. Each H atom has two basis functions, and the C atom has 15 basis functions. Therefore 
the CH2 molecule has 19 basis functions. This also means that the QM calculation on CH2 will 
consider a total 19 molecular orbitals. The eight electrons of CH2 only occupy four of the 19 
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molecular orbitals; the remaining 15 molecular orbitals, which represent the conduction band of 
the molecule, are known as virtual orbitals. 
4.6. Effective Core Potentials 
The basis sets described in Section 4.5 are known as all-electron basis sets, because they 
account for every electron of each atom explicitly. For heavier atoms (approximately fourth row  
and above), however, considering all the electrons explicitly can slow QM calculations 
significantly.37 Therefore, for these atoms, only the valence electrons are usually considered 
explicitly.37 A special operator is used to collectively account for all of the core electrons. This 
operator is called an effective core potential (ECP) or pseudopotential, and in a DFT calculation it 
is added to the Kohn-Sham operator generated at each step. For the valence electrons, a 
specific set of basis functions that are designed to be paired with the specific ECP must be used. 
 Two broad types of ECPs exist: large-core and small-core. Large-core ECPs consider most 
of the electrons to be part of the core, so a minimum number of electrons are considered 
explicitly; the valance basis sets used with large-core ECPs contain relatively few basis functions. 
Small-core ECPs use a smaller core, so more electrons are taken to be valence electrons and 
considered explicitly. Small-core ECPs must be paired with valence basis sets that contain a 
larger number of basis functions. 
 For QM calculations involving lighter atoms (approximately third row and below), 
relativistic effects can generally be ignored, but for heavier atoms (approximately fourth row 
and above), the velocity of the core electrons is greater, so relativistic effects become 
important.37 For this reason, most ECPs are relativistic, meaning that they include a correction 




4.7. Geometry Optimization and Energy Calculation 
 HF and DFT calculations (whether using a pure or hybrid functional) optimize the 
electron density of a system and determine the electronic energy of the optimized system. 
However, these calculations, on their own, do not change the geometry of a molecule, because 
the positions of the atomic nuclei do not change. They also do not calculate the total energy of a 
molecule, since the energy associated with the atomic nuclei of the molecule is not considered. 
 The energy associated with the nuclei of a molecule (at 0 K) has two components: the 
internuclear repulsion energy; and the zero-point energy (ZPE), which is the energy associated 
with the nuclear vibrations that occur at absolute zero. The first component is very easy to 
calculate if the positions of the nuclei are known, but determining the second component 
requires computationally-expensive calculation of the nuclear vibrations37,42 (see Section 4.8). 
QM energy calculations calculate a ‘total’ molecular energy that includes the first component 
plus the electronic energy, and QM geometry optimizations minimize this ‘total’ energy. The 
second component, the ZPE, is usually not included in the ‘total’ molecular energies calculated 
(or minimized) during energy calculations and geometry optimizations. For energy calculations, 
the results of which are most often used to calculate reaction energies (reaction energy = total 
energy of reactants – total energy of products), excluding the ZPEs is justified because the ZPEs 
of the reactants and products are usually very similar and cancel each other out.37 For geometry 
optimizations, the primary output of interest is a set of coordinates, not an energy value, so the 
accuracy of the final energy is not important. Hereafter, ‘energy’ and ‘molecular energy’ will 
refer to the total molecular energy exclusive of the ZPE, unless otherwise noted. 
 Like HF and DFT calculations, geometry optimizations are carried out using an iterative 
process. Consider a potential energy surface that describes the energy of a molecule as a 
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function of its geometry (nuclear coordinates). The goal of a geometry optimization is to adjust 
the geometry of the molecule such that the energy is minimized, i.e., the minimum point on the 
potential energy surface is found. The input ‘guess’ for a geometry optimization is a set of 
nuclear coordinates, which are usually formulated based on literature review, preliminary 
calculations (i.e., optimized geometries of individual parts of a larger molecule, which are 
combined to create the ‘guess’ for the large molecule), and/or other knowledge of the expected 
shape of the molecule, and constructed using a graphical computer program. In the first step of 
the geometry optimization, a HF or DFT (with pure or hybrid functional) calculation is performed 
to optimize the electron density of the molecule and calculate the electronic energy. The 
internuclear repulsion energy is then calculated and added to the electronic energy to give the 
molecular energy. The first and second derivatives of the energy with respect to geometry 
(which are the slope and the curvature of the potential energy surface, respectively) are 
calculated and used in a complex algorithm that modifies the nuclear coordinates slightly such 
that the geometry will (usually) be closer to the minimum point on the potential energy 
surface.37 The steps are repeated until the geometry and/or the slope of the potential energy 
surface no longer changes significantly between the steps, at which point the geometry 
optimization is complete. Although this indicates an energy minimum has been found, there is 
the possibility that the minimum is a local minimum (a transition state or saddle point), rather 
than the global minimum that must be found for a ground-state geometry optimization to be 
considered successful. A vibrational frequency calculation (see Section 4.8) must be performed 
to verify that the energy minimum is, in fact, a global minimum. 
 The accuracy of a geometry optimization is, in most cases, relatively insensitive to what 
basis set(s) are used; the 6-31G(d) and larger basis sets usually give very similar results.37 Energy 
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calculations, on the other hand, are far more sensitive to basis set choice.37 For this reason, 
when it is desired to have energies that can be used to calculate accurate reaction energies, it is 
common to perform geometry optimizations with a smaller basis set, then use the optimized 
geometries as the inputs to a second set of ‘energy-only’ calculations using a larger basis set.37 
The ‘energy-only’ calculations are similar to single HF or DFT calculations, except that the 
internuclear repulsion energies are calculated and added to the electronic energies so that the 
output of the calculations is a molecular energy. The geometry (nuclear coordinates) does not 
change during the ‘energy-only’ calculations. These calculations are usually called single-point-
energy or point-energy calculations. 
 Since a molecular energy is the energy of a molecule relative to the total energy of its 
separate/dissociated components, molecular energy is always negative. Calculated molecular 
energies have little meaning on their own; they are most valuable for comparison with energies 
calculated for similar molecules, or use in calculating reaction energies. 
4.8. Vibrational Frequency Calculation 
 A set of ‘fixed’ nuclear coordinates is generally used to describe a molecular geometry. 
In actuality, however, the nuclei of a molecule are not ‘fixed’ in space because they are 
constantly vibrating. These molecular vibrations can be observed experimentally with infrared 
(IR) spectrometry. Although most molecules exhibit many complex vibrations over a wide range 
of frequencies, these vibrations are all created by combinations of normal-mode vibrations, 
which are in-phase vibrations (i.e., all atoms associated with the vibration move at the same 
frequency). Nonlinear and linear molecules with N atoms have 3N – 6 and 3N – 5 normal-mode 
vibrations, respectively. Normal-mode vibrations have three main types: bending, which is the 
increase and decrease of a bond angle; symmetric stretching, in which two adjacent bonds 
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stretch and contract simultaneously; and asymmetric stretching, in which one of two adjacent 
bonds stretches while the other contracts. The frequencies (which are actually wavenumbers, 
with units of length-1, but which are called ‘frequencies’ by convention) associated with the 
normal-mode vibrations are called the normal-mode frequencies. 
 With a previously optimized geometry as an input, calculation of the normal-mode 
vibrations (including their frequencies and the vectors describing the associated atom 
movements) can be performed. The second derivatives of molecular energy with respect to 
geometry were mentioned in Section 4.7 with regard to their use in performing a geometry 
optimization. These second derivatives are also the force constants for the motion of atoms 
within space; the set of these second derivatives for a molecule make up what is known as a 
force constant matrix, or Hessian. The force constants can be mass-weighted, using the masses 
of the nuclei associated with each force constant, to determine the normal-mode frequencies. 
By performing matrix diagonalization on the Hessian, two matrices known as the eigenvector 
matrix and the eigenvalue matrix can be calculated; these matrices give the directions and 
magnitudes, respectively, of the vectors describing the atom movements associated with the 
normal-mode vibrations. 
 The method of calculating second derivatives of energy with respect to geometry that is 
used for geometry optimizations is not precise enough to be used for frequency calculations.37 
Frequency calculations determine these second derivatives by making slight changes to the 
geometry, then comparing the first derivatives calculated for the original geometry and the 
‘changed’ geometry.37 Since frequency calculations involve calculation of energy for these 
‘changed’ geometries, the frequency calculations (like geometry optimizations and point-energy 
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calculations) require the use of basis sets. A frequency calculation must use the same basis set(s) 
(and energy functional, if applicable) as the geometry optimization which preceded it. 
 As mentioned in Section 4.7, frequency calculations must be used to confirm the 
convergence of a geometry optimization to a global minimum (ground state). If a ground state 
has not been reached, one or more of the second derivatives of energy with respect to 
geometry determined during the frequency calculation for the molecule will be negative, and 
the Hessian will consequently contain one or more negative force constants.37 Physically, a 
negative force constant means that a vibrating atom with that force constant lacks the restoring 
force needed to return to the ‘midpoint’ of its vibration; the atom will keep moving away from 
its midpoint forever (or until it finds another molecule to interact with).37 Negative force 
constants are manifested in the frequency calculation result as imaginary values for normal-
mode frequencies (imaginary frequencies are sometimes also referred to as negative 
frequencies, although this is technically incorrect).37 A frequency calculation that outputs 
imaginary frequencies therefore indicates that the preceding geometry optimization converged 
to a transition state (one imaginary frequency) or saddle point (more than one imaginary 
frequency). A lack of imaginary frequencies confirms that the preceding geometry optimization 
converged to a ground state. 
 Although the results of vibrational frequency calculations are crucial for verifying that 
optimized geometries are converged to a ground state, they are also useful in other ways. 
Calculated normal-mode frequencies can be compared to the peaks observed on experimental 
FTIR spectra. These comparisons can aid in the interpretation of the experimental spectra by 
providing useful insight for matching individual FTIR peaks with specific vibrations. Such 
comparisons can also indicate peaks or peak shifts that might be used as a ‘signature’ to confirm 
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the presence of a certain compound or the occurrence of a certain chemical reaction during an 
experiment. As mentioned in Section 4.7, performing a vibrational frequency calculation also 
allows the ZPE of a system to be determined; although not applicable for the present study, this 
would be useful for a study in which it was desirable to calculate ‘total’ (i.e., inclusive of 
electronic energy, internuclear repulsion energy, and ZPE) molecular energies. Although only 
systems at absolute zero have been discussed up to this point, when desired, the results of a 
vibrational frequency calculation can also be used to approximate the thermal energy (or more 
accurately, thermal enthalpy and thermal entropy) associated with a system at a temperature 
above absolute zero.42 
4.9. Explicit and Implicit Solvation 
 QM calculations on gas- or aqueous-phase molecules are typically performed as cluster 
calculations. A standard cluster calculation treats the molecule of interest as an isolated 
molecule existing in an infinite vacuum. However, the electrons and nuclei of the water 
molecules surrounding an aqueous molecule exert significant forces on the electrons of that 
aqueous molecule; therefore, for an aqueous molecule, a standard cluster calculation is often 
not appropriate. The calculation must be modified to account for the effect of solvation on the 
electron density of the molecule. 
 One way of accounting for the effects of solvation is to add water molecules to an input 
geometry such that they cover all or part of the molecule. This is known as explicit solvation 
because the position and number of surrounding water molecules is explicitly specified. Explicit 
solvation can be used to provide an approximation of the effects of the immediately 
surrounding water molecules on an aqueous molecule. However, explicit solvation cannot be 
used to fully account for the effect of bulk water on a molecule, because of the significant 
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computational expense that would be associated with explicitly adding sufficient water 
molecules to the system. 
 Another method of accounting for solvation effects is called implicit solvation, or 
continuum solvation. This method entails placing the molecule in a cavity of infinite water (or 
other solvent); the individual solvent molecules are ‘smeared out’, i.e., their effect on the 
molecule is only considered collectively. Implicit solvation methods use an algorithm to 
determine the size of the cavity that a given molecule will create in the solvent.37 Additional 
terms that account for the energy associated with the creation of the solute cavity and the 
interaction between the bulk solvent and the molecule’s electrons are incorporated into the HF 
or DFT calculation, so that the optimized electron density and calculated energy account for the 
presence of the solute.37 The most widely used implicit solvation methods are known as the 
polarized continuum methods (PCM), since they account for the effects of the polarization of 
water (or other solvent) along the cavity wall.37,43,44 Another common solvation model is SMD45 
(not an acronym); SMD was designed to be more universal (i.e., able to be used for a wider 
range of solvents) than PCM by giving the user the option to input a wider range of solvent 
parameters. 
 Explicit and implicit solvation methods can be used simultaneously; this is sometimes 
called hybrid solvation.37 When implicit solvation is used (with or without explicit solvation), it is 
usually applied for a point-energy calculation performed on a previously optimized (non-
solvated or explicitly-solvated) geometry.37 This allows for the calculation of molecular energies 





4.10. QM Calculations on Actinides and Lanthanides  
 All transition metals, lanthanides, and actinides (d- and f-block elements) pose unique 
challenges for QM calculations due to their partially filled d or f orbitals and the ambiguity 
involved in filling those orbitals.37 However, the actinides, which have 5f orbitals, have proven 
particularly challenging.46 The f orbitals are highly complex, and the 5f orbitals can have energy 
or spatial overlaps with three other orbitals (6d, 7s, and 6p); all of these orbitals are involved in 
actinide bonding.46 Actinide molecules can have multiple quantum states with the same energy, 
and therefore convergence of the wavefunction or electron density for an actinide molecule can 
be difficult to achieve.46 
 Despite these challenges, QM calculations utilizing the B3LYP hybrid functional have 
been shown to produce accurate results for actinide systems such as aqueous uranyl 
complexes46 and AnF6
47. B3LYP has also proven to be effective for large (many-atom) actinide or 
lanthanide complexes such as extraction complexes.36,48 For both actinides and lanthanides, 
relativistic effects on the core electrons are very significant, so it is crucial that appropriate 
corrections are used. QM calculations for actinides and lanthanides almost universally utilize 
relativistic (relativity-corrected) ECPs for core electrons.36,37,48,49 Small-core ECPs, such as 
ECP60MWB50-52, are preferred because they allow more flexibility in the valence orbitals and 
produce more accurate results, particularly for U13,53,54. 
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CHAPTER FIVE: METHODS 
5.1. Computational Set-up 
 All QM calculations were performed using Gaussian0955 and the B3LYP hybrid 
functional38. Figure 5.1 outlines the four types of calculations that were performed for each 
system of interest. Appendix A provides examples of Gaussian09 input files for each of the four 
types of calculation. For geometry optimizations, the 6-31G(d) basis set40 was used for the light 
atoms (H, C, O) of each system. The ECP60MWB 60-electron (small-core) ECPs and associated 
ECP60MWB-SEG valence basis sets50-52 were used for the actinides, with the exception that 
some preliminary calculations for U were performed using the CRENBL 78-electron (large-core) 
ECP56 and associated basis set (calculations using this alternate basis set are noted). The 
Stuttgart RSC 1997 28-electron (small-core) ECP57 and associated basis was used for Eu. The 
water molecules immediately surrounding the sorbate cations are expected to have a significant 
effect on the electron density around the sorption sites. Therefore, all geometries that included 
U, Np, Pu, or Eu also included appropriate inner hydration spheres for those atoms. Explicitly 
including these inner-sphere water molecules in the geometries will provide better results than 
applying an implicit solvation model alone. 
A vibrational frequency calculation for each optimized geometry was performed at the 
same level of theory at which that geometry was optimized. The absence of negative 
frequencies was used to confirm ground-state convergence of the geometry optimizations. 
 For each optimized geometry, a gas-phase point-energy calculation was performed 
using the same parameters as the geometry optimization, with the exception that the 6-
311+G(d,p) basis set41 (used to increase the accuracy of the point-energy calculations) was used 
for the light atoms. The results of these point-energy calculations were used for gas-phase 
31 
 
reaction energy calculations. In order to allow accurate aqueous-phase reaction energies to be 
calculated, point-energy calculations were also performed with an implicit solvation model 
applied. These calculations utilized the PCM solvation method43 as implemented in Gaussian09. 
Since the point-energies calculated for this study were used to calculate reaction energies, they 
were not corrected to include ZPE. Also, all point-energies were calculated for systems at 0 K 
(i.e., no thermal corrections were used). 
 
Figure 5.1: Overview of calculations performed for each system of interest 
5.2. Calculation of Sorption Reaction Energetics 
In order to use QM calculations to characterize a reaction for actinyl or Eu(III) sorption 
onto a GO functional group, calculations were performed for each reactant (sorbate and GO) 
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and each product (sorbate adsorbed to GO and water from dehydration of the sorbate). The 









3+](H2O)y + (x – y)H2O 





3+](H2O)y + (x – y)H2O 
for sorption to two GO sheets. Sorption energies (ΔE) were calculated as the sum of the point-
energies of the products minus the sum of the point-energies of the reactants, such that a 
negative ΔE indicates an energetically favorable reaction. A complete list of the sorption 
reactions considered in this study is provided in Appendix B. 
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CHAPTER SIX: RESULTS AND DISCUSSION 
6.1. Determination of System Parameters 
6.1.1. Functionalization, Size, and Shape of Model GO Sheets 
Each model GO sheet was functionalized with a single functional group. The single group 
was used to allow for easy comparison between the results for sorption to each type of group, 
and to minimize the computational expense of the calculations. In order to evaluate aggregation 
caused by cation sorption to multiple GO sheets, models were created for cation sorption to two 
GO sheets with one functional group per sheet. For simplicity, the functionalization of each of 
the two sheets was the same for each of these systems. 
Four types of GO functional group were considered for this project: protonated zigzag-
edge carboxyl (COOH), deprotonated zigzag-edge carboxyl (COO-), protonated edge hydroxyl 
(OH), and deprotonated edge hydroxyl (O-). Although sorption at pH ≈ 4.5-7.0 is of greatest 
interest for this study, by evaluating both protonated and deprotonated functional groups we 
ensure that the results of this study are also applicable for pH above or below this range. For the 
protonated carboxyl groups, both mono- and bi-dentate sorption were considered; for 
deprotonated carboxyl groups, bi-dentate sorption was assumed. For sorption to two GO 
sheets, only two GO functional groups, deprotonated carboxyl and deprotonated hydroxyl, were 
considered due to the significant computational expense associated with the two-sheet 
calculations.  
 GO sheets vary widely in shape and size, but average GO sheets are on the order of 
thousands of Å per side4, and contain millions of carbon rings. Due to computational limitations 
on system size, we must choose a model GO sheet of a fixed size and shape that is 
representative of ‘typical’ GO sheets. The sheet size must be large enough that the electron 
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densities around the GO functional groups (before and after sorption) approximate that of a 
‘typical’ GO sheet closely enough to ensure that adequate approximations can be obtained for 
the system geometries and reaction energies. 
In order to determine an ‘optimal’ model GO sheet size, preliminary calculations were 
performed for UO2
2+ and Eu3+ sorption to single rhombus-shaped GO sheets of varying size 
(number of carbon rings). Three-, six-, ten-, 15-, and 20-ring sheets were considered for UO2
2+, 
and three-, six, ten-, and 15-ring sheets were considered for Eu3+. The sheets were 
functionalized with deprotonated carboxyl or hydroxyl groups, and post-sorption CNs of five 
were assumed for both UO2
2+ and Eu3+. Figure 6.1 depicts the three-, six-, ten-, 15-, and 20-ring 
carboxyl-functionalized GO sheets as examples. Figures 6.2, 6.3, and 6.4 show how the 
calculated post-sorption uranyl asymmetric stretches, gas-phase sorption energies, and 
aqueous-phase reaction energies, respectively, vary depending on the size of the GO sheets. 
Table C.1 in Appendix C lists the sorption reaction energy and post-sorption asymmetric uranyl 




Figure 6.1: Three-, six-, ten-, 15-, and 20-ring carboxyl-functionalized GO sheets (yellow=C, 
red=O, light blue=H) 
 
 
Figure 6.2: Uranyl asymmetric stretches as a function of GO sheet size calculated at 






































Figure 6.3: Gas-phase sorption energies as a function of GO sheet size calculated at 




Figure 6.4: Aqueous-phase sorption energies as a function of GO sheet size calculated at 


































The results in Figures 6.2-6.4 show that the reaction energies and the asymmetric uranyl 
stretch change as sheet size is increased. However, once the sheet size reaches ten rings, these 
changes become smaller, which suggests that the electron density surrounding the sorption site 
is becoming a more precise approximation of that of a ‘typical’ GO sheet. Increasing the sheet 
size beyond 15 or 20 rings is expected to continue to provide diminishing incremental increases 
in the accuracy of the calculations. However, this increased accuracy must be weighed against 
the need to choose a sheet size that will minimize the computational expense of each 
calculation. Therefore 15-ring, rhombus-shaped GO sheets were selected as the model for this 
project. 
6.1.2. CN of AnO2 and Eu Following Sorption to GO 
For actinyl sorption to one GO sheet, the inner-sphere equatorial CN (including water 
and functional group oxygen atoms) was assumed to remain at five following sorption. As an 
example, Figure 6.5 shows UO2
2+ following bi-dentate sorption to one deprotonated carboxyl-
functionalized 15-ring GO sheet. Note that the sorbed UO2
2+ has an equatorial CN of five (three 
coordinating water oxygen atoms, OW, and two functional group oxygen atoms, OG); two 
coordinating water molecules were displaced as a result of the UO2
2+





2+ sorbed to zigzag-carboxyl-functionalized 15-ring GO (purple=U(VI), yellow=C, 
red=O, light blue=H) 
 
 For Eu3+ sorption to one GO sheet, and for UO2
2+ and Eu3+ sorption to two GO sheets, the 
exact CN following sorption is less certain. Therefore, for these systems, a range of different CNs 
was considered in order to ensure that an appropriate CN could be found.  
For the UO2
2+/Eu3+ two-sheet systems, the physical space surrounding the cations is 
limited by the presence of the two GO sheets. Electrostatic constraints prevent individual inner-
sphere coordinating water molecules in this space from being too close together, limiting the 
number of coordinating water molecules. Therefore the CNs of the UO2
2+/Eu3+  two-sheet 




3+ sorbed to two GO sheets. These calculations were done using deprotonated 
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carboxyl- or hydroxyl-functionalized three-ring GO sheets. Since the goal of these calculations 
was to generate ‘approximate’ results which would only be used to determine appropriate CNs, 
the three-ring sheets, rather than 15-ring sheets, were used to reduce computational expense. 
Because additional coordinating waters stabilize a system, a greater number of waters is always 
energetically favored (although the incremental increases in favorability that result from 
addition of coordinating waters eventually level off as the hydration spheres become less 
ordered). Therefore, for each sorbate/functional group combination, the relative solvation 
energy of the highest CN system for which convergence could be achieved was taken to be zero. 
The relative solvation energies of the lower CN systems were calculated as the reaction energy 
of the reaction 
(Highest CN system, CN = x) → (Lower CN system, CN = y) + (x – y)H2O. 
Gas-phase point energies were used to calculate the relative solvation energy values, 
which are shown in Table 6.1. Greater relative solvation energies indicate less favored systems; 
the relative solvation energy for a system can also be thought of as the amount of energy that 
would be required to obtain that system by removing coordinating water molecules from the 
most favorable system. Table 6.1 also lists the optimized U/Eu-OW distances for each two GO 
sheet+sorbate system. Note that for all UO2
2+ results in Table 6.1, the CRENBL 78-electron ECP 
and associated basis set was used for U. For Table 6.1 and all other tables in Section 6, Appendix 
B lists the sorption reactions that produce each GO+sorbate system and which are used to 
calculate to calculate sorption reaction energies (numbering of the reactions in the tables 
corresponds to the numbering of the reactions in Appendix B). Appendix D provides the atom 
coordinates for all optimized geometries, and Appendix E lists the point energies calculated for 
all systems and used to calculate all ΔE values. 
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Table 6.1: Results for determination of CNs of UO2
2+ and Eu3+ following sorption to two GO 
sheets (geometries at B3LYP/CRENBL/Stuttgart RSC 1997/6-31G(d) level of theory, energies at 
B3LYP/CRENBL/Stuttgart RSC 1997/6-311+G(d,p) level of theory) 
 















2+ COO- 2 6 Yes 2.57, 2.57 0 
3 UO2
2+ COO- 1 5 Yes 2.56 0.67 
4 UO2
2+ COO- 0 4 Yes (none) 1.43 
6 UO2
2+ O- 4 6 No b b 
7 UO2
2+ O- 3 5 Yes 2.61, 2.61, 2.64 0 
8 UO2
2+ O- 2 4 Yes 2.57, 2.61 0.60 
15 Eu3+ COO- 2 6 Yes 2.50, 2.50 0 
16 Eu3+ COO- 1 5 Yes 2.49 0.87 
17 Eu3+ COO- 0 4 No b b 
21 Eu3+ O- 4 6 Yes 2.53, 2.53, 2.55, 2.63 0 
22 Eu3+ O- 3 5 Yes 2.52, 2.56, 2.56 0.84 
23 Eu3+ O- 2 4 Yes 2.52, 2.52 1.37 
OW: water oxygen; OG: GO functional group oxygen. 
aIncluding OW and OG. 
bNot calculated because geometry optimization convergence was not achieved. 
Geometry optimization convergence was achieved for most of the two GO 
sheet+sorbate systems. For all systems that did converge, the relative solvation energies 
confirm that the higher CNs are more energetically favored. For all of these systems, the U/Eu-
OW distances remained very close together and below 2.7 Å, confirming that all water molecules 
belong to the first coordination spheres of their respective systems. Therefore, for all two GO 
sheet+sorbate systems, CN = 6 is most appropriate, with the exception of UO2
2+ sorbed to two O- 
functionalized GO sheets, for which CN = 5 (the system corresponding to reaction 7) is most 
appropriate because convergence was not achieved for CN = 6. Previous EXAFS analysis8 of 
uranyl sorbed to GO predicted a CN of about five, and EXAFS analysis of uranyl complexed with 
natural minerals28-30 showed that the CN could vary between five and six. Notably, CN = 5 results 
in a highly symmetrical inner-sphere coordination for UO2
2+ sorbed to two O- functionalized GO 
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sheets, as shown in Figure 6.6A. CN = 6 also results in a highly symmetrical inner-sphere 
coordination for UO2
2+ sorbed to two COO- functionalized GO sheets (the system corresponding 
to reaction 2 and shown in Figure 6.6B), particularly compared to CN = 5 for that system, which 
corresponds to reaction 3 and is shown in Figure 6.6C. Figure 6.7A shows Eu3+ sorbed to two 
COO- functionalized GO sheets with CN = 6 (the system corresponding to reaction 15), and 
Figure 6.7B shows Eu3+ sorbed to two O- functionalized GO sheets with CN = 6 (the system 
corresponding to reaction 21). 
 
Figure 6.6: Ground state geometries for A: UO2
2+ sorbed to two O- functionalized three-ring GO 
sheets, CN = 5; B: UO2
2+ sorbed to two COO- functionalized three-ring GO sheets, CN = 6; C: UO2
2+ 
sorbed to two COO- functionalized three-ring GO sheets, CN = 5 at B3LYP/CRENBL/6-31G(d) level 




Figure 6.7: Ground state geometries for A: Eu3+ sorbed to two COO- functionalized three-ring GO 
sheets, CN = 6; B: Eu3+ sorbed to two O- functionalized three-ring GO sheets, CN = 6 at 
B3LYP/Stuttgart RSC 1997/6-31G(d) level of theory (dark green=Eu(III), yellow=C, red=O, light 
blue=H; dashed lines denote hydrogen bonding) 
 
 For Eu3+ sorbed to one GO sheet, CNs of 4-7 were tested. These calculations were done 
for 15-ring GO sheets. The calculations were performed for GO functionalized with each of the 
groups considered for this project: protonated carboxyl, deprotonated carboxyl (both 
monodentate and bidentate sorption), protonated hydroxyl, and deprotonated hydroxyl. Table 






Table 6.2: Results for determination of CNs of Eu3+ following sorption to one GO sheet (geometries at B3LYP/Stuttgart RSC 1997/6-
31G(d) level of theory, energies at B3LYP/Stuttgart RSC 1997/6-311+G(d,p) level of theory) 
 















12 Eu3+ COO- B 5 7 No c c 
13 Eu3+ COO- B 4 6 Yes 2.52, 2.53, 2.60, 2.61 0 
14 Eu3+ COO- B 3 5 Yes 2.49, 2.50, 2.55 0.86 
18 Eu3+ O- - 6 7 Yes 2.54, 2.54, 2.66, 2.66, 2.68, 2.68 0 
19 Eu3+ O- - 5 6 Yesa 2.53, 2.55, 2.58, 2.63, 2.67 c 
20 Eu3+ O- - 4 5 Yes 2.51, 2.51, 2.55, 2.57 1.45 
24 Eu3+ COOH B 5 7 Yes 2.55, 2.55, 2.60, 2.62, 2.64 0 
25 Eu3+ COOH B 4 6 Yes 2.54, 2.54, 2.55, 2.59 0.79 
26 Eu3+ COOH B 3 5 Yes 2.52, 2.53, 2.53 1.47 
27 Eu3+ COOH M 6 7 b b b 
28 Eu3+ COOH M 5 6 b b b 
29 Eu3+ COOH M 4 5 No c c 
30 Eu3+ COOH M 3 4 Yes 2.45, 2.51, 2.52 0 
31 Eu3+ OH - 6 7 Yesa 2.55, 2.57, 2.59, 2.59, 2.60, 2.65 c 
32 Eu3+ OH - 5 6 Yes 2.52, 2.56, 2.56, 2.56, 2.57 0 
33 Eu3+ OH - 4 5 Yes 2.52, 2.53, 2.53, 2.59 0.81 
B: Bidentate; M: Monodentate; OW: water oxygen. (-) not applicable. 
aGeometry optimization converged, but ground state geometry was not confirmed because frequency calculation convergence was not  
achieved. 
bCalculation not performed (see discussion). 
cNot calculated because geometry optimization or frequency calculation convergence was not achieved.
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The relative solvation energies for the GO+Eu systems confirm that the higher CNs are 
energetically favored, as was the case for the two GO sheet+U/Eu systems. For all of the 
converged GO+Eu systems, the Eu-OW distances also remained close together and below 2.7 Å, 
so all water molecules belong to first coordination spheres. Therefore, for each functional 
group, the highest CN for which ground-state convergence could be confirmed was taken to be 
the most appropriate CN for Eu3+ sorbed to that functional group. The results in Table 6.2, along 
with the results in Table 6.1 for Eu3+ sorption to two GO sheets, suggest that the CN of Eu3+ 
following complexation with GO varies depending on both the functional group and the number 
of GO sheets involved. The optimal CNs for Eu3+ sorbed to one GO sheet are CN = 6 for Eu3+ 
sorbed to COO- (the system corresponding to reaction 13); CN = 7 for Eu3+ sorbed to O- (the 
system corresponding to reaction 18); CN = 7 for Eu3+ sorbed (bidentate) to COOH (the system 
corresponding to reaction 24); CN = 4 for Eu3+ sorbed (monodentate) to COOH (the system 
corresponding to reaction 30); and CN = 6 for Eu3+ sorbed to OH (the system corresponding to 
reaction 32). For monodentate Eu3+ sorption to one COOH functionalized GO sheet, the 
calculations for CN = 6 and CN = 7 were not performed because the geometry optimization of 
the CN = 5 system failed due to instability of the first hydration sphere (i.e., one of the four 
coordinating water molecules of that system was being pushed out to the second hydration 
sphere), indicating that a CN greater than four is unlikely for this system. 
The results for Eu3+ sorbed to one or two GO sheets are in good agreement with the 
previous experimental (EXAFS) analysis6 indicating the Eu3+ complexed with GO has a CN of 6-7. 
The EXAFS analyses were performed in the pH 6-9 range. At this pH, the COOH functional groups 
are almost completely deprotonated (to COO-), so there is little or no possibility for sorption to 
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COOH groups. Therefore no comparisons can be made for bidentate or monodentate Eu3+ 
sorption to one COOH functionalized GO sheet (which result in CN = 6 and CN = 4, respectively). 
For many systems, more than one CN is possible, and an aqueous solution of the system 
will contain a mix of complexes with differing CNs. Because additional coordinating water 
molecules stabilize a system, a sorption reaction with a higher CN product will have a lower 
(more favorable) ΔE than a reaction with a lower CN product. The data in Table F.1 of Appendix 
F suggest that for calculations of UO2
2+ or Eu3+ sorption to GO using the B3LYP functional and 
PCM solvation, increasing the CN of the GO+sorbate reaction product by one makes the reaction 
more favorable by about 0.75 eV in the gas phase, or 0.25 eV in the aqueous phase. Although 
these differences are not insignificant, they are not large enough to significantly change the 
overall trends for the favorability of sorption of different cations to various functional groups. 
6.2. AnO2 and Eu Sorption to GO 
6.2.1. Ground State Geometries 




2+ and for UO2
2+/NpO2
+/PuO2
2+ complexed with one GO sheet are provided in Table 6.3. 










Table 6.3: Selected bond lengths/angles for aqueous UO2
2+/NpO2
+/PuO2
2+ and for UO2
2+/NpO2
+/PuO2
2+ complexed with one GO sheet at 
B3LYP/ECP60MWB-SEG/6-31G(d) level of theory 
 






















OA  bond 
angle(°) 
- UO2
2+,a - - 5 5 - 2.48 2.48-2.48 2.48 1.75 180.0 
1 UO2
2+ COO- B 3 5 2.36/2.38 2.54 2.53-2.55 2.47 1.78 171.3 
5 UO2
2+ O- - 4 5 2.18 2.58 2.57-2.58 2.50 1.79 170.1 
9 UO2
2+ COOH B 3 5 2.33/2.62 2.50 2.50-2.51 2.49 1.77 172.3 
10 UO2
2+ COOH M 4 5 2.26 2.55 2.54-2.55 2.49 1.78 174.6 
11 UO2
2+ OH - 4 5 2.58 2.55 2.52-2.60 2.56 1.78 176.9 
- NpO2
+,a - - 5 5 - 2.57 2.57-2.57 2.57 1.78 180.0 
34 NpO2
+ COO- B 3 5 2.50/2.52b 2.61b 2.59-2.64b 2.57 1.80b 175.0b 
35 NpO2
+ O- - 4 5 2.28c 2.67c 2.59-2.77c 2.59 1.81c 173.4c 
36 NpO2
+ COOH B 3 5 d d d d d d 
37 NpO2
+ COOH M 4 5 2.48 2.58 2.57-2.60 2.56 1.81 176.6 
38 NpO2
+ OH - 4 5 2.63 2.56 2.53-2.60 2.58 1.78 177.8 
- PuO2
2+,a - - 5 5 - 2.45 2.45-2.45 2.45 1.71 180.0 
39 PuO2
2+ COO- B 3 5 2.55/2.56c 2.57c 2.54-2.59c 2.56 1.78c 178.1c 
40 PuO2
2+ O- - 4 5 2.37 2.62 2.56-2.66 2.57 1.77 177.0 
41 PuO2
2+ COOH B 3 5 d d d d d d 
42 PuO2
2+ COOH M 4 5 2.53 2.56 2.54-2.58 2.55 1.78 177.4 
43 PuO2
2+ OH - 4 5 2.69 2.56 2.53-2.62 2.59 1.77 179.2 
B: Bidentate; M: Monodentate; OW: water oxygen; OG: GO functional group oxygen; OEQ: equatorial oxygen (OW + OG); OA: axial oxygen. 




2+ not sorbed to GO. 
bCalculation performed with symmetry turned off. 
cGround state geometry could not be verified because frequency calculation convergence was not achieved; values may not be accurate. 
dGeometry optimization convergence was not achieved for NpO2
+/PuO2







Figure 6.8: Ground state geometries for A: UO2
2+ bidentate sorption to one COO- functionalized GO sheet; B: UO2
2+ sorption to one O- 
functionalized GO sheet; C: UO2
2+ bidentate sorption to one COOH functionalized GO sheet; D: UO2
2+ monodentate sorption to one 
COOH functionalized GO sheet; E: UO2
2+ sorption to one OH functionalized GO sheet at B3LYP/ECP60MWB-SEG/6-31G(d) level of theory 







Figure 6.9: Geometries for A: NpO2
+ bidentate sorption to one COO- functionalized GO sheet (ground state); B: NpO2
+ sorption to one O- 
functionalized GO sheet (ground state not verified); C: NpO2
+ monodentate sorption to one COOH functionalized GO sheet (ground 
state); D: NpO2
+ sorption to one OH functionalized GO sheet (ground state) at B3LYP/ECP60MWB-SEG/6-31G(d) level of theory (dark 








Figure 6.10: Geometries for A: PuO2
2+ bidentate sorption to one COO- functionalized GO sheet (ground state not verified); B: PuO2
2+ 
sorption to one O- functionalized GO sheet (ground state); C: PuO2
2+ monodentate sorption to one COOH functionalized GO sheet 
(ground state); D: PuO2
2+ sorption to one OH functionalized GO sheet (ground state) at B3LYP/ECP60MWB-SEG/6-31G(d) level of theory 
(light green=Pu(VI), yellow=C, red=O, light blue=H; dashed lines denote hydrogen bonding)
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Where applicable, the geometries described in Table 6.3 and shown in Figures 6.8-6.10 
are generally in good agreement with those of previous QM studies of U13, Np15, and Pu15 
sorption to GO. The most significant differences are in the OA-U-OA bond angle for UO2
2+ sorbed 
to O- (the system corresponding to reaction 5), for which a value of 170.1° was calculated, 
compared to the previously reported13 value of 172.9°; the OA-U-OA bond angle for UO2
2+ sorbed 
to OH (the system corresponding to reaction 11), for which a value of 176.9° was calculated, 
compared to the previously reported13 value of 174.3°; and the Np-OG bond length for NpO2
+ 
sorbed (monodentate) to COOH (the system corresponding to reaction 37), for which a value of 
2.48 Å was calculated, compared to the previously reported15 value of 2.40 Å. As both previous 
studies used 20-ring GO sheets, compared to the 15-ring sheets used for the present study, the 
different GO sheet size (substrate geometry) is the likely cause of the discrepancies. Other 
differences in the parameters used for the previous and present studies should not affect the 
geometries, but can affect energy calculations; these differences are discussed in detail in 
Appendix G. 
Table 6.3 shows an average U-OA bond length of 1.75 Å and an average U-OEQ bond 
length of 2.48 Å for aqueous UO2
2+ not sorbed to GO. After sorption to GO, the average U-OA 
bond length increases to 1.77-1.79 Å; the average U-OEQ bond length ranges from 2.47-2.50 Å, 
except for sorption to the OH functional group, where the  average U-OEQ bond length increases 
to 2.56 Å. Experimental results (from fitting of EXAFS spectra)14 predict an average U-OA bond 
length of 1.83 Å and an average U-OEQ bond length of 2.58 Å for aqueous UO2
2+, and average U-
OA bond lengths ranging from 1.78-1.83 Å and average U-OEQ bond lengths ranging from 2.40-
2.51 Å for UO2
2+ complexed with highly-functionalized GO. The EXAFS fitting used to determine 
experimental aqueous UO2
2+ bond lengths also predicted the aqueous UO2
2+ to have a very high 
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average equatorial CN of 6.2, and this explains why the experimental aqueous UO2
2+ bond 
lengths are significantly larger than those calculated in the present study, for which an 
equatorial CN of five was assumed. For UO2
2+ complexed with GO, the U-OA and U-OEQ bond 
lengths for the calculations and experiments show reasonably good agreement, with the 
exception of the calculated U-OEQ bond length for UO2
2+ sorbed to OH. The large U-OEQ distance 
calculated for UO2
2+ sorbed to OH therefore suggests that this complexation is unlikely to occur; 
sorption energy calculations discussed in Section 6.2.3 provide additional support for this 
conclusion. Experimental predictions of bond lengths for NpO2
+ and PuO2
2+ complexes with GO 
are not available for comparison. 
 For NpO2
+ and PuO2
2+ bidentate sorption to COOH (reactions 36 and 41, respectively), 
geometry optimization convergence was not achieved for the GO+sorbate systems; this suggests 
that these reactions are unlikely to occur, and monodentate sorption to COOH is probably more 
likely than bidentate sorption to COOH for these systems. Sorption energy calculations 
discussed in Section 6.2.3 provide additional support for this conclusion. 
For NpO2
+ sorption to O- (Figure 6.9B and reaction 35) and PuO2
2+ sorption to COO- 
(Figure 6.10A and reaction 39), geometry optimization convergence was achieved, but 
convergence was not achieved for the frequency calculations performed for the optimized 
geometry. This does not necessarily indicate a failure of the geometry optimizations to reach 
ground state geometries. The convergence failures could stem from the difficulty inherent in 
performing QM calculations on Np and Pu, due to the ambiguity in electronic orbital 
assignments for those elements, or they could arise from the use of poorly-fitted Np and Pu 
basis sets. In either case, ground-state geometry optimization convergence cannot be confirmed 
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for these two systems, and the optimized geometries for the systems are included in Table 6.3 
and shown in Figures 6.9B and 6.10A for informational purposes only. 
For NpO2
+ sorption to COO- (Figure 6.9A and reaction 34), the geometry optimization 
(and frequency and point-energy calculations) were performed with symmetry turned off. 
Gaussian09, by default, takes advantage of symmetry in molecular systems to reduce 
computational expense. For this system, however, the use of symmetry caused difficulty in 
achieving ground-state convergence of the geometry optimization, so symmetry was disabled. 
Any differences in the results of the geometry optimization, frequency calculation, or energy 
calculations due to this change are expected to be insignificant, so the results for NpO2
+ sorption 
to COO- are comparable with other results. 
Bond lengths and angles for aqueous Eu3+ and Eu3+ complexed with one GO sheet are 






Table 6.4: Selected bond lengths/angles for aqueous Eu3+ and Eu3+ complexed with one GO sheet at B3LYP/Stuttgart RSC 1997/6-31G(d) 
level of theory 
 





of OW  




Average Eu-O (Å) 
- Eu3+,a - - 8 8 - 2.46 2.45-2.46 2.46 
13 Eu3+ COO- B 4 6 2.48/2.49 2.56 2.52-2.61 2.54 
18 Eu3+ O- - 6 7 2.39 2.63 2.54-2.68 2.59 
24 Eu3+ COOH B 5 7 2.54/2.72 2.59 2.55-2.64 2.60 
30 Eu3+ COOH M 3 4 2.33 2.49 2.45-2.52 2.45 
32 Eu3+ OH - 5 6 2.60 2.56 2.52-2.57 2.56 
B: Bidentate; M: Monodentate; OW: water oxygen; OG: GO functional group oxygen; O: all oxygen (OW + OG). (-) not applicable. 







Figure 6.11: Ground state geometries for A: Eu3+ bidentate sorption to one COO- functionalized GO sheet; B: Eu3+ sorption to one O- 
functionalized GO sheet; C: Eu3+ bidentate sorption to one COOH functionalized GO sheet; D: Eu3+ monodentate sorption to one COOH 
functionalized GO sheet; E: Eu3+ sorption to one OH functionalized GO sheet at B3LYP/Stuttgart RSC 1997/6-31G(d) level of theory (dark 
green=Eu(III), yellow=C, red=O, light blue=H; dashed lines denote hydrogen bonding)
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Table 6.4 shows that the average Eu-O bond length is 2.46 Å for aqueous Eu3+ (CN = 8), 
and ranges from 2.45-2.60 Å for Eu3+ sorbed to GO (CN = 4-7). EXAFS results6 predict an average 
Eu-O bond length of 2.42 Å for aqueous Eu3+ (with CN = 8.5) and an average Eu-O bond length of 
2.41 Å for Eu3+ complexed with GO (with CN = 6.0-6.7, depending on pH). The experimental 
values are smaller than the calculated values; in addition, the calculated values suggest that an 
increase in average Eu-O bond length usually occurs upon sorption to GO, while the 
experimental values suggest that the average Eu-O bond length undergoes little change 
following sorption. These discrepancies are difficult to explain, but they could stem from the use 
of explicit solvation only (instead of hybrid solvation) for the geometry optimization calculations 
and/or from the uncertainty inherent in fitting to EXAFS spectra. 
In general, An-OA and An/Eu-OW distances increase with sorption, and OA-An-OA angles 
deviate from their linear pre-sorption geometry (Tables 6.3 and 6.4). These changes in bond 
lengths and angles are a measurable result of changes in electron density at the cation/GO 
interface. Notably, the increases in Pu-OA bond length (from 1.71 Å to 1.77-1.78 Å) that occur 
upon PuO2
2+ sorption to GO are significantly larger than the increases in the U-OA bond length 
(from 1.75 Å to 1.77-1.79 Å) and the Np-OA bond length (from 1.78 Å to 1.78-1.81 Å) seen upon 
UO2
2+ and NpO2
+ sorption to GO, respectively. This suggests that, for PuO2
2+ sorption, 
significantly more electron density is shifting to the cation from the remainder of the system 
than for UO2
2+ and NpO2
+, indicating that reduction of Pu(VI) may be occurring upon PuO2
2+ 
sorption. Previous experiments11 showed that Pu(VI) reduces to Pu(IV) upon sorption to oxidized 
ordered mesoporous carbon, which is functionalized similarly to GO. Sorption energy 
calculations discussed in Section 6.2.3 also provide support for Pu(VI) surface-mediated 
reduction to Pu(IV) upon sorption to GO. 
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Tables 6.3 and 6.4 show that Eu+GO systems with more coordinating water molecules 
tend to have larger Eu-OW distances than Eu+GO systems with fewer coordinating molecules. 
An+GO systems with the largest An-OW distances tend to have smaller An-OG distances, and vise-
versa. For both An+GO and Eu+GO systems, the largest An/Eu-OG distances are for An/Eu bound 
with OG atoms that are also bound to an H atom (i.e., an OH group O atom, or the O atom from 
the protonated side of a COOH group); An/Eu-OG distances are smaller for An/Eu bound with OG 
atoms that are not bound to an H atom. This is consistent with the stronger interaction that is 
expected between a cation and a deprotonated (negatively-charged) oxygen atom compared to 
protonated oxygen atom. 
6.2.2. Vibrational Frequencies 







2+ complexed with one GO sheet are reported in Table 6.5. Table 6.5 also 
lists the magnitude of the sorption-induced redshift for each of the GO+sorbate systems. Where 
values of post-sorption asymmetric actinyl stretch and redshift calculated by previous QM 






Table 6.5: Calculated asymmetric actinyl stretches for aqueous UO2
2+, NpO2
+, and PuO2
2+ and for UO2
2+/NpO2
+/PuO2
2+ complexed with 
one GO sheet at B3LYP/ECP60MWB-SEG/6-31G(d) level of theory 
 






CN Asymmetric actinyl 










2+,a - - 5 5 1031 - 102913 - 
1 UO2
2+ COO- B 3 5 964 67 95913 7013 
5 UO2
2+ O- - 4 5 939 92 93713 9213 
9 UO2
2+ COOH B 3 5 979 52 97113 5813 
10 UO2
2+ COOH M 4 5 958 73 96013 6913 
11 UO2
2+ OH - 4 5 955 76 94713 8213 
- NpO2
+,a - - 5 5 925 - 92515 - 
34 NpO2
+ COO- B 3 5 873b 52b - - 
35 NpO2
+ O- - 4 5 c c - - 
36 NpO2
+ COOH B 3 5 d d - - 
37 NpO2
+ COOH M 4 5 883 42 90615 1915 
38 NpO2
+ OH - 4 5 923 2 92015 515 
- PuO2
2+,a - - 5 5 1039 - 103515 - 
39 PuO2
2+ COO- B 3 5 c c - - 
40 PuO2
2+ O- - 4 5 916 123 - - 
41 PuO2
2+ COOH B 3 5 d d - - 
42 PuO2
2+ COOH M 4 5 905 134 94015 9515 
43 PuO2
2+ OH - 4 5 929 110 92715 10815 




2+ not sorbed to GO. 
bCalculation performed with symmetry turned off. 
cFrequency calculation convergence was not achieved. 
dNot calculated because geometry optimization convergence was not achieved. 
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Where previous results are available, the asymmetric actinyl stretches and redshifts 
listed in Table 6.5 show good general agreement with those from previous QM studies of U13, 
Np15, and Pu15 sorption to GO. The most significant exceptions are for NpO2
+/PuO2
2+ 
monodentate sorption to COOH. For NpO2
+ monodentate sorption to COOH (reaction 37), the 
post-sorption neptunyl asymmetric stretch was 883 cm-1 (redshift of 42 cm-1), compared to the 
previously reported15 value of 906 cm-1 (redshift of 19 cm-1). For PuO2
2+ monodentate sorption 
to COOH (reaction 42), the post-sorption plutonyl asymmetric stretch was 905 cm-1 (redshift of 
134 cm-1), compared to the previously reported15 value of 940 cm-1 (redshift of 95 cm-1). As 
discussed in Section 6.2.1, different substrate geometries were used for this study and the 
previous study, meaning that the optimized geometries for the GO+sorbate systems in the two 
studies are never exactly the same, even though they are very similar in most cases. The 
vibrational frequencies can be very sensitive to small changes in geometry; therefore the 
frequency discrepancies between the current and previous studies are believed to stem from 
the different substrate geometries used for the two studies. For UO2
2+, comparisons between 




2+, redshifting of the asymmetric actinyl stretch is seen upon 
sorption to GO. The redshifts are smallest for NpO2
+ sorption and largest for PuO2
2+ sorption. For 
UO2
2+, sorption to hydroxyl groups results in larger redshifts than sorption to carboxyl groups, 
but for NpO2
+ and PuO2
2+, differences in the redshifts associated with sorption to different 






6.2.3. Reaction Energetics 




2+, and Eu3+ sorption to one GO sheet are listed in Table 6.6. For comparison, Table 6.6 also 






Table 6.6: Calculated sorption reaction energies for UO2
2+, NpO2
+, PuO2
2+, and Eu3+ sorption to one GO sheet at B3LYP/ECP60MWB-
SEG/Stuttgart RSC 1997/6-311+G(d,p) level of theory 
 




Coord. H2O  CN







ΔE (this study, 
eV) 
Aqueous-phase 
ΔE (lit. values, 
eV) 
1 UO2
2+ COO- B 3 5 -8.24 -8.2513 -0.88 -0.5013, -2.1914 
5 UO2
2+ O- - 4 5 -7.83 -7.7113 -0.87 -0.4913 
9 UO2
2+ COOH B 3 5 -2.13 -2.4313 0.30 0.2013 
10 UO2
2+ COOH M 4 5 -2.67 -3.2613 0.00 -0.0813, -0.5214 
11 UO2
2+ OH - 4 5 -2.02 -2.2513 0.29 0.1213 
34 NpO2
+ COO- B 3 5 -3.56a - -0.33a - 
35 NpO2
+ O- - 4 5 -3.18b - -0.27b - 
36 NpO2
+ COOH B 3 5 c - c - 
37 NpO2
+ COOH M 4 5 -0.88 -1.0715 0.14d -0.2915 
38 NpO2
+ OH - 4 5 -0.12 -0.4715 0.11 -0.2715 
39 PuO2
2+ COO- B 3 5 -10.33b - -2.76b - 
40 PuO2
2+ O- - 4 5 -10.10 - -2.89 - 
41 PuO2
2+ COOH B 3 5 c - c - 
42 PuO2
2+ COOH M 4 5 -5.16 -4.4315 -2.23 -0.8515 
43 PuO2
2+ OH - 4 5 -3.01 -4.6615 -2.01 -1.4315 
13 Eu3+ COO- B 4 6 -13.00 - -1.36 - 
18 Eu3+ O- - 6 7 -13.27 - -1.80 - 
25 Eu3+ COOH B 5 7 -5.63 - -0.45 - 
30 Eu3+ COOH M 3 4 -3.52 - -0.21 - 
32 Eu3+ OH - 5 6 -4.95 - -0.54 - 
B: Bidentate; M: Monodentate. (-) not applicable. 
aCalculation performed with symmetry turned off. 
bGround state geometry was not verified; ΔE may not be accurate and is included for informational purposes only. 
cNot calculated because geometry optimization convergence was not achieved. 
dPoint-energy calculation performed using loosened electronic convergence criteria, which could slightly affect ΔE.
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Due to the differences in parameters between the present study and previous QM 
studies, the calculated energies cannot be compared directly (Appendix G provides a detailed 
discussion of the differences between the studies; Appendix H provides the results of some 
calculations performed for UO2
2+ using 20-ring GO sheets and SMD solvation, which can be 
compared more directly with the results of one previous QM study13 of UO2
2+ sorption to GO). 
However, reaction energies calculated by QM studies are most valuable not as absolute values, 
but for showing trends that can indicate the extent to which certain reactions are more or less 
favorable than other reactions. When trends are considered, the results for the present study 
show good general agreement with the previous results that are available. 
 For NpO2
+ sorption to O- (reaction 35) and PuO2
2+ sorption to COO- (reaction 39), 
convergence of the GO+sorbate geometries to a ground state could not be verified, as discussed 
in Section 6.2.1. Point-energy calculations were still performed for these two systems and used 
to calculate values of ΔE, which are shown in Table 6.6. However, it is important to note that 
these ΔE values may not be accurate and are provided for informational purposes only. 
 Although Table 6.6 provides both gas- and aqueous-phase ΔE values, the aqueous-phase 
ΔE values are most valuable because all of the sorption reactions occur in aqueous solutions. 
The aqueous-phase ΔE values show that for all sorbates considered, sorption to deprotonated 
functional groups (COO- and O-) is significantly more favorable than sorption to protonated 
functional groups. The negative ΔE values calculated for UO2
2+ sorption to deprotonated groups 
and Eu3+ sorption to all functional groups are consistent with experiments that showed U(VI)8-10 
and Eu(III)6 sorption to GO to be endothermic and spontaneous. The ΔE values show that the 
order of sorption favorability is Pu(VI) > Eu(III) > U(VI) > Np(V), which is in good agreement with 
batch sorption experiments5 that showed low Np(V) sorption compared to other actinides and 
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Eu(III). The significantly greater favorability seen for Pu(VI) compared to U(VI) (and Eu(III)) is 
unexpected given the similar effective charges of Pu(VI) and U(VI); this could be explained by 
greater electron density transfer to the sorbed Pu(VI) from the remainder of the system. This 
shift in electron density supports previous experimental observations of surface-mediated 




2+, sorption to protonated functional groups is unfavorable or only 
slightly favorable, as evidenced by the ΔE values for those reactions. For PuO2
2+ and Eu3+, 
sorption to protonated groups is more energetically favorable. This is corroborated by 
experimental observations5 of >90% Eu3+ sorption but <50% UO2
2+ sorption at pH ≈ 3, where 
most GO functional groups are protonated. 
 As discussed in Section 6.2.1, geometry optimization convergence was not achieved for 
NpO2
+ and PuO2
2+ bidentate sorption to protonated carboxyl groups (reactions 36 and 41, 
respectively), indicating that monodentate sorption to COOH is probably more likely than 
bidentate sorption to COOH for these systems. Table 6.6 shows that UO2
2+ monodentate 
sorption to COOH is also more favorable than bidentate sorption to COOH, suggesting that for 
sorption of actinyl ions to COOH, monodentate sorption is the preferred mechanism. For Eu3+, 
bidentate sorption to COOH was seen as more favorable than monodentate sorption to COOH, 
so bidentate sorption may be preferred for lower oxidation state actinides and lanthanides, in 






6.3. GO Aggregation in the Presence of UO2 and Eu 
6.3.1. Ground State Geometries 
Important bond lengths and angles for UO2
2+ and Eu3+ complexed with two COO- or O- 
functionalized GO sheets are provided in Table 6.7. For comparison, bond lengths and angles for 
aqueous UO2
2+ and Eu3+, and for UO2
2+ and Eu3+ complexed with one COO- or O- functionalized 
GO sheet (taken from Tables 6.3 and 6.4 of Section 6.2.1) are also provided. Figures 6.12 and 
6.13 show the geometries for UO2






Table 6.7: Selected bond lengths/angles for UO2
2+ and Eu3+ complexed with one or two GO sheets at B3LYP/ECP60MWB-SEG/Stuttgart 
























2+,a - - 5 5 - 2.48 2.48-2.48 2.48 1.75 180.0 
1 UO2
2+ COO- 1 3 5 2.36/2.38 2.54 2.53-2.55 2.47 1.78 171.3 
2 UO2
2+ COO- 2 2 6 2.47/2.47, 2.47/2.47 2.55 2.55-2.55 2.50 1.77 180.0 
5 UO2
2+ O- 1 4 5 2.18 2.58 2.57-2.58 2.50 1.79 170.1 
7 UO2
2+ O- 2 3 5 2.22, 2.31 2.59 2.57-2.60 2.46 1.78 174.8 
- Eu3+,a - - 8 8 - 2.46 2.45-2.46 2.48 - - 
13 Eu3+ COO- 1 4 6 2.48/2.49 2.56 2.52-2.61 2.54 - - 
15 Eu3+ COO- 2 2 6 2.48/2.58, 2.48/2.59 2.54 2.54-2.54 2.54 - - 
18 Eu3+ O- 1 6 7 2.39 2.63 2.54-2.68 2.59 - - 
21 Eu3+ O- 2 4 6 2.41, 2.42 2.58 2.55-2.64 2.52 - - 
OW: water oxygen; OG: GO functional group oxygen; OEQ: equatorial oxygen (OW + OG for U); O: all oxygen (OW + OG for Eu); OA: axial 
oxygen. (-) not applicable. 
aAqueous UO2
2+ and Eu3+ not sorbed to GO. 




Figure 6.12: Ground state geometries for A: UO2
2+ sorption to two COO- functionalized GO 
sheets; B: UO2
2+ sorption to two O- functionalized GO sheets at B3LYP/ECP60MWB-SEG/6-31G(d) 




Figure 6.13: Ground state geometries for A: Eu3+ sorption to two COO- functionalized GO sheets; 
B: Eu3+ sorption to two O- functionalized GO sheets at B3LYP/Stuttgart RSC 1997/6-31G(d) level 
of theory (dark green=Eu(III), yellow=C, red=O, light blue=H; dashed lines denote hydrogen 
bonding) 
 
 The geometries calculated for UO2
2+ and Eu3+ sorption to two 15-ring GO sheets show 
good agreement with the geometries calculated for UO2
2+/Eu3+ sorption to two three-ring sheets 
(Section 6.1.2). UO2
2+ sorbed to two COO- functionalized GO sheets (the system shown in Figure 
6.12A and corresponding to reaction 2) and UO2
2+ sorbed to two O- functionalized GO sheets 
(the system shown in Figure 6.12B and corresponding to reaction 7) both continue to exhibit 
highly symmetrical equatorial coordination for the U atom. For UO2
2+ and Eu3+ sorption to two 
GO sheets, the two sheets assume a distorted (bent and/or rotated) configuration relative to 
each other; this is especially pronounced for Eu3+. 
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 Relative to sorption to one GO sheet, sorption to two GO sheets results in greater U/Eu-
OG bond distances for all systems considered. For UO2
2+, sorption to two GO sheets results in 
slightly larger average U-OW distances than sorption to one GO sheet, but for Eu
3+, sorption to 
two GO sheets results in smaller Eu-OW distances. Overall, the average U-OEQ values and the 
average Eu-O values are both in similar ranges for sorption to one or two GO sheets. 
6.3.2. Vibrational Frequencies 
 The calculated asymmetric uranyl stretches for UO2
2+ complexed with two GO sheets are 
provided in Table 6.8. For comparison, stretches for aqueous UO2
2+ and for UO2
2+ complexed 
with one COO- or O- functionalized GO sheet (taken from Table 6.5 of Section 6.2.2) are also 
provided. Table 6.8 also lists the magnitude of the sorption-induced redshift for all of the 
GO+sorbate systems. 
Table 6.8: Calculated asymmetric uranyl stretches for UO2
2+ complexed with one or two GO 
sheets at B3LYP/ECP60MWB-SEG/Stuttgart RSC 1997/6-31G(d) level of theory 
 
Rxn Sorbate Functional 
group 








2+,a - - 5 5 1031 - 
1 UO2
2+ COO- 1 3 5 964 67 
2 UO2
2+ COO- 2 2 6 969 62 
5 UO2
2+ O- 1 4 5 939 92 
7 UO2
2+ O- 2 3 5 946 85 
(-) not applicable. 
aAqueous UO2
2+ not sorbed to GO. 
 
 As was the case for UO2
2+ sorption to one GO sheet, for UO2
2+ sorption to two GO 
sheets, sorption to O- results in a larger redshift than sorption to COO-. For both COO- and O- 
functionalized GO, sorption to two GO sheets results in a smaller redshift than sorption to one 




2+-induced aggregation in experiments. Comparisons between the calculated 
values in Table 6.8 and experimental results are discussed in Section 6.4. 
6.3.3. Reaction Energetics 
The calculated ΔE values for UO2
2+ and Eu3+ sorption to two GO sheets are listed in Table 
6.9. For comparison, ΔE values for UO2
2+ and Eu3+ sorption to one COO- or O- functionalized GO 
sheet (taken from Table 6.6 of Section 6.2.3) are also provided. 
Table 6.9: Calculated sorption reaction energies for UO2
2+ and Eu3+ sorption to one or two GO 
sheets at B3LYP/ECP60MWB-SEG/Stuttgart RSC 1997/6-311+G(d,p) level of theory 
 
Rxn Sorbate Functional 
group 










2+ COO- 1 3 5 -8.24 -0.88 
2 UO2
2+ COO- 2 2 6 -12.66 -2.11 
5 UO2
2+ O- 1 4 5 -7.83 -0.87 
7 UO2
2+ O- 2 3 5 -11.10 -1.47 
13 Eu3+ COO- 1 4 6 -13.00 -1.36 
15 Eu3+ COO- 2 2 6 -18.32 -1.61 
18 Eu3+ O- 1 6 7 -13.27 -1.80 
21 Eu3+ O- 2 4 6 -17.82 -1.87 
 
For all cases studied, and particularly for UO2
2+, sorption to two GO sheets is more 
favorable than sorption to one GO sheet. This is likely due to the greater charge neutralization 
associated with sorption to two sheets, and confirms that GO aggregation caused by cation 
cross-linking is likely to be an important factor affecting UO2
2+ and Eu3+ (and other actinide and 
lanthanide cation) sorption to GO. Some comparisons between the trends seen in Table 6.9 and 
trends in experimental results are discussed in Section 6.4. 
6.4. Comparisons with the Results of Experiments Performed in Conjunction with this Work 
 The experiments performed in conjunction with this project12 used SCM to predict that 
the carboxyl groups of GO control UO2
2+ and Eu3+ sorption to GO at environmental conditions. 
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Those experiments also observed, visually and using a scanning electron microscope (SEM), 
aggregation of aqueous GO in the presence of UO2
2+ or Eu3+. For uncomplexed UO2
2+ in solution, 
other studies58-60 have reported asymmetric stretches of 961-962 cm-1. The experimental FTIR 
spectrum12 for pH = 5 aqueous solution of GO + 100 ppm U showed the uranyl asymmetric 
stretch peak at 912 cm-1. This corresponds to a sorption-induced redshift of ~50 cm-1. Although 
the exact wavenumbers vary, the magnitude of this redshift can be compared to the calculated 
UO2
2+ redshifts shown in Table 6.5 of Section 6.2.2 and Table 6.8 of Section 6.3.2. Wavenumbers 
calculated by QM methods are typically larger than experimental wavenumbers; empirical 
correction factors are sometimes applied to calculated wavenumbers to bring them closer to the 
experimental wavenumbers37, although that was not done for this project. The ~50 cm-1 
experimental redshift is in closest agreement with bidentate UO2
2+ sorption to one COOH 
functionalized GO sheet (52 cm-1 redshift) and UO2
2+ sorption to two COO- functionalized GO 
sheets (62 cm-1 redshift). The former is unlikely to occur since the sorption reaction is 
energetically unfavorable (see Table 6.6 of Section 6.2.3) and also because most COOH groups 
are deprotonated at pH = 5. Bidentate UO2
2+ sorption to two COOH functionalized GO sheets 
was not considered, but that mechanism is also unlikely. Therefore the best match with FTIR is 
UO2
2+ sorption to two COO- functionalized GO sheets. This agreement provides strong support 
for the SCM prediction that the carboxyl, rather than hydroxyl, groups control UO2
2+ sorption to 
GO at environmental conditions. It also provides some support for the hypothesis that GO 
aggregation in the presence of UO2
2+ is caused by the cross-linking of two or more GO sheets by 
UO2
2+ cations. 
 Sorption isotherms12 for UO2
2+ and Eu3+ sorption to GO at pH = 5 showed that at very 
low cation concentrations, the amount of sorption is similar for UO2
2+ and Eu3+. At higher (> ~10 
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ppm) cation loading, however, there is much greater UO2
2+ than Eu3+ sorption. At pH = 5, the 
COO- groups of GO control sorption. Therefore, for comparison with experiments at pH = 5, 
reaction energies for UO2
2+/Eu3+ sorption to COO- are most relevant. Since the experiments and 
QM calculations both show evidence that the mechanism for UO2
2+/Eu3+ sorption to GO includes 
sorption to multiple GO sheets, the reaction energies for UO2
2+/Eu3+ sorption to two sheets are 
likely also most relevant. Table 6.9 of Section 6.3.3 shows that UO2
2+ sorption to two COO- 
functionalized GO sheets (ΔE = -2.11 eV) is more favorable than Eu3+ sorption to two COO- 
functionalized GO sheets (ΔE = -1.61 eV). Therefore the QM energetics results show good 
agreement with the experimental sorption isotherms. 
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CHAPTER SEVEN: CONCLUSIONS AND ENVIRONMENTAL SIGNIFICANCE 
 U(VI), Np(V), Pu(VI), and Eu(III) sorption to GO are all favorable. For single GO sheets, 
Pu(VI) sorption was most favorable, followed by Eu(III), then U(VI). Np(V) sorption to GO was 
least favorable. For all cations studied, sorption to deprotonated functional groups was more 
favorable than sorption to protonated functional groups. Overall, sorption favorability was 
similar for carboxyl and hydroxyl groups. However, for environmental conditions, the carboxyl 
groups, but not the hydroxyl groups, are deprotonated. Therefore, in general, deprotonated 
carboxyl groups are expected to dominate sorption of the cations studied at environmental 
conditions. For U(VI) and Eu(III), sorption to two GO sheets was shown to be more favorable 
than sorption to single GO sheets. This indicates that GO aggregation caused by cation-cross 
linking of GO sheets is probably an important factor affecting U(VI) and Eu(III) (and other 
actinide and lanthanide) sorption to GO.  
By predicting the relative energetic favorabilities of various mechanisms of U(VI), Np(V), 
Pu(VI), and Eu(III)  sorption to GO, this project has expanded the fundamental understanding of 
the interactions of those cations with GO. This project has also provided results that may be 
useful for the development of FTIR-based analytical methods for evaluation of the interactions 
between those cations and GO. Radionuclide wastewater and groundwater contamination is a 
significant problem at many locations worldwide, and GO-based materials have shown potential 
for treatment of such contamination. GO materials may also prove useful for radiochemical 
separations, or in the construction of containers for long-term storage of radioactive wastes. 
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CHAPTER EIGHT: SUGGESTIONS FOR FUTURE WORK 
 Although this project and other studies have made significant contributions to the 
understanding of actinide and lanthanide sorption to GO, there are still many opportunities for 
further study in this area. 
 For two systems evaluated in this study, Np(V) sorbed to O- functionalized GO and Pu(VI) 
sorbed to COO- functionalized GO, convergence was not achieved for the frequency calculation 
performed on the optimized geometry; therefore convergence of the geometry optimization to 
a ground state was not verified. Re-optimizing those geometries with slightly different input 
geometries and/or different basis sets, and then re-running the frequency calculations, could 
potentially resolve this problem. This would make the results obtained for those systems more 
reliable. 
 Although it appears highly probable that U(VI) and Eu(III) cause aggregation of aqueous 
GO through cation cross-linking of individual GO sheets, it is still not entirely clear to what 
extent this would occur for other actinides and lanthanides. QM studies of sorption of other 
actinides/lanthanides to multiple GO sheets could provide further insight on this. 
 Aqueous Pu(VI) (and Pu(V)) have been shown to reduce to Pu(IV) upon interaction with 
carbon materials11, and QM calculations performed for this study have corroborated this result. 
Therefore Pu(IV) may be more relevant than Pu(VI) for study of Pu sorption to GO. Although 
previous QM calculations15 have been performed for Pu(IV) complexation with protonated 
functional groups of GO, no QM calculations have been performed for Pu(IV) complexation with 
deprotonated functional groups. Since sorption to the deprotonated groups is favored for other 
actinides and lanthanides studied, such calculations would be of value. 
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 QM calculations have shown Pu(IV) sorption to epoxide functional groups to be highly 
favorable.15  For penta- and hexavalent actinides, which are coordinated differently than Pu(IV), 
sorption to epoxide groups has been shown to be less favorable than sorption to other 
functional groups.14,15 Eu(III) is coordinated much more similarly to Pu(IV) than to penta- and 
hexavalent actinides; for this reason, Eu(III) sorption to epoxide groups may be favorable as well. 
QM calculations of Eu(III) sorption to epoxide groups are necessary to confirm this hypothesis. 
 The experiments of UO2
2+ and Eu3+ sorption to GO that were performed in conjunction 
with this project12 determined that GO produced by the Hummers method is functionalized with 
a significant quantity of sulfonic functional groups, in addition to carboxyl, hydroxyl, and epoxide 
groups. These experiments also determined that at low pH (when carboxyl groups are 
protonated), these sulfonic groups dominate UO2
2+ and Eu3+ sorption to GO. QM calculations of 
UO2
2+, Eu3+, and other actinide/lanthanide cation sorption to sulfonic group functionalized GO 
may therefore be of value for more fully describing the sorption of these cations to GO at low 
pH. 
 Eu(III) is often used as an analog for trivalent actinides including Pu(III), Am(III), and 
Cm(III). No QM study of sorption of any trivalent actinide to GO has been performed. The 
completion of such calculations, and comparison of the results with the present study’s results 
for Eu(III) sorption to GO, could provide further insight on the use of Eu(III) as an analog for 
trivalent actinides in sorption experiments. Similar calculations and comparisons could also be 
made for Th(IV) and Pu(VI). 
 All QM calculations in this study and in previous QM sorption energy studies13-15 of 
penta- and hexavalent actinide sorption to GO assumed that the actinyl species were complexed 
with water molecules and/or GO functional groups only. One study61 performed calculations to 
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determine geometries and charge densities of U(VI) and Pu(IV) complexed with nitrate or Cl- and 
sorbed to GO, but that study did not calculate sorption energies for these systems. Hydrolysis 
(replacement of the coordinating water molecules with OH- ions) of the actinyl species was not 
considered in any study. Actinyl complexation with carbonate (or other) ions was also not 
considered in any sorption energy study. In actuality, however, actinyl species begin to form 
various hydrolysis and/or carbonate complexes above about pH 3-4; as pH is increased further 
(i.e., above 5-6) these species dominate.59 Hydrolysis, carbonate complexation, and/or nitrate 
complexation can also be significant for tri- and tetravalent actinides and lanthanides, 
depending on pH.7,32 Further QM calculations would be useful in evaluating the precise 
implications of hydrolysis and carbonate/nitrate complexation for actinide/lanthanide 
interactions with GO. 
 This study and previous studies13,15 have calculated a number of asymmetric actinyl 
stretch shifts associated with U(VI), Np(V), and Pu(VI) sorption to GO. These may be useful for 
the development of analytical methods for experimental evaluation of the interactions between 
these cations and GO. However, other molecular vibrations (of sorbates or the GO sheets) may 
also undergo changes in frequency following actinide/lanthanide sorption to GO. Frequency 
shifts associated with the carboxyl C-C stretch (of carboxyl-functionalized GO) could be of 
particular value, because they would be applicable for sorption of tri- and tetravalent, in 
addition to penta- and hexavalent, actinides/lanthanides to GO. Attempts to identify such shifts 
from calculated vibrational spectra, and comparison with shifts observed in experimental FTIR 
spectra, could provide additional useful data for analytical method development. 
 For QM calculations of some actinyl complexes, the M06 set of functionals may be 
better suited than the B3LYP functional.62 Some previous point-energy calculations (for 
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geometries pre-optimized with B3LYP) have been performed13 for U(VI) sorption on GO using 
the M06-2X functional. These were used to calculate reaction energies, and those reaction 
energies were compared with similar reaction energies calculated using B3LYP; although the 
absolute energies were different, the trends for different sorption reactions were similar. The 
present study also performed some calculations for U(VI) sorption on three-ring GO sheets using 
the M06-2X functional (see Appendix F), but the reaction energies calculated from the results of 
those calculations are not reliable because the GO sheet size was too small. Additional 
calculations (including geometry optimizations and frequency calculations) of U(VI) and other 
actinide sorption to GO using the M06 functionals would provide a better understanding of the 





























Appendix A: Sample Gaussian09 Input Files 
 
 Input files are shown for the geometry optimization, frequency calculation, gas-phase 
point-energy calculation, and aqueous-phase point-energy calculation of U sorbed to a single 






#N B3LYP/GEN pop=min pseudo=cards scf=(MaxCycle=300) opt=(MaxCycle=200) 
 
uranyl ECP60MWB-SEG for U, 6-31G* for H,O,C 
 
1 1 
C      -5.293272000    1.206382000    0.038832000 
C      -4.942256000   -0.182667000   -0.004008000 
C      -3.576851000   -0.559139000   -0.016636000 
C      -2.559595000    0.438602000   -0.005772000 
C      -2.916935000    1.838155000    0.023199000 
C      -4.271858000    2.180144000    0.064553000 
C      -1.891579000    2.849745000    0.001735000 
C      -0.540313000    2.449448000   -0.023507000 
C      -0.181919000    1.051017000   -0.004044000 
C     -1.199295000    0.051919000   -0.007202000 
C      1.179574000    0.660846000    0.000752000 
C      2.210640000    1.648784000   -0.007782000 
C      1.844383000    3.045318000   -0.041983000 
C      0.513881000    3.410236000   -0.061397000 
C     -0.844261000   -1.335130000   -0.010692000 
C      0.514254000   -1.719870000   -0.000056000 
C      1.535674000   -0.728860000    0.008908000 
C     -3.221223000   -1.946480000   -0.032406000 
C     -1.871376000   -2.328585000   -0.026296000 
C     -4.266302000   -2.947122000   -0.048954000 
C     -5.588883000   -2.556607000   -0.047838000 
C     -5.970514000   -1.181525000   -0.021238000 
H     -4.529916000    3.229810000    0.155863000 
H      0.232934000    4.455064000   -0.140189000 
O     -1.851517000    5.011807000   -0.954163000 
C      3.564481000    1.265581000    0.001283000 
C      3.921735000   -0.120909000    0.018140000 
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C      2.899542000   -1.112748000    0.018530000 
C     -6.665534000    1.561358000    0.061850000 
C     -7.651752000    0.586675000    0.036594000 
C     -7.313507000   -0.772011000   -0.004443000 
H     -6.930286000    2.614819000    0.098474000 
C      2.906383000    4.023108000   -0.064622000 
C      4.212211000    3.655493000   -0.045311000 
C      4.607655000    2.264800000   -0.011673000 
H      2.626584000    5.073450000   -0.094998000 
C      5.288715000   -0.505521000    0.028444000 
C      6.316522000    0.497613000    0.023520000 
C      5.931280000    1.870468000    0.002157000 
H     -8.699295000    0.877644000    0.051694000 
H     -8.095951000   -1.527666000   -0.019496000 
H      4.997920000    4.407974000   -0.059005000 
H      6.713571000    2.627481000   -0.006915000 
C      3.260123000   -2.511615000    0.025606000 
C      4.614465000   -2.866021000    0.038993000 
C      5.642180000   -1.900870000    0.041515000 
C      0.876687000   -3.117932000    0.000195000 
C      2.219168000   -3.477266000    0.015304000 
C     -1.503384000   -3.729601000   -0.032645000 
C     -2.567922000   -4.708021000   -0.053234000 
C     -3.872368000   -4.339125000   -0.062396000 
C    -0.173591000   -4.087919000   -0.017906000 
H      4.884062000   -3.920521000    0.045681000 
H      2.487447000   -4.532185000    0.016893000 
H     -2.292670000   -5.760666000   -0.060904000 
H      0.097110000   -5.142490000   -0.020684000 
C      7.662992000    0.090443000    0.036075000 
C      7.997812000   -1.268089000    0.051633000 
C      7.018417000   -2.249618000    0.053694000 
H     -6.371332000   -3.313504000   -0.060424000 
H     -4.658576000   -5.091082000   -0.077129000 
H      8.444202000    0.846989000    0.032565000 
H      9.046710000   -1.558024000    0.061029000 
H      7.292485000   -3.302102000    0.064049000 
C     -2.233353787    4.274005514   -0.003914638 
O     -2.999502369    4.771883338    0.913024818 
U     -3.028663336    6.931846116    0.010064105 
O     -4.445859685    6.640382558   -1.006073683 
O     -1.681367302    7.456905410    1.027431123 
O     -1.738907381    7.783692720   -1.979666871 
O     -4.568599280    6.916058350    2.004171181 
O     -3.750353140    9.343915743    0.022681851 
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H     -1.924850123    7.335974039   -2.824026777 
H     -0.770918393    7.763047045   -1.874121259 
H     -4.519813258    9.713900743   -0.441251035 
H     -3.309215915   10.071217689    0.492386025 
H     -5.366461418    6.368148155    1.895640455 
H     -4.164885388    6.635966344    2.844727114 
 
H     0  
S   3   1.00 
     18.7311370              0.03349460        
      2.8253937              0.23472695        
      0.6401217              0.81375733        
S   1   1.00 
      0.1612778              1.0000000         
**** 
C     0  
S   6   1.00 
   3047.5249000              0.0018347         
    457.3695100              0.0140373         
    103.9486900              0.0688426         
     29.2101550              0.2321844         
      9.2866630              0.4679413         
      3.1639270              0.3623120         
SP   3   1.00 
      7.8682724             -0.1193324              0.0689991         
      1.8812885             -0.1608542              0.3164240         
      0.5442493              1.1434564              0.7443083         
SP   1   1.00 
      0.1687144              1.0000000              1.0000000         
D   1   1.00 
      0.8000000              1.0000000    
**** 
O     0  
S   6   1.00 
   5484.6717000              0.0018311         
    825.2349500              0.0139501         
    188.0469600              0.0684451         
     52.9645000              0.2327143         
     16.8975700              0.4701930         
      5.7996353              0.3585209         
SP   3   1.00 
     15.5396160             -0.1107775              0.0708743         
      3.5999336             -0.1480263              0.3397528         
      1.0137618              1.1307670              0.7271586         
SP   1   1.00 
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      0.2700058              1.0000000              1.0000000         
D   1   1.00 
      0.8000000              1.0000000    
**** 
U 0 




S 1 1.00 
104.3142600 1.0 




S 1 1.00 
10.1846470 1.0 
S 1 1.00 
2.8518510 1.0 
S 1 1.00 
1.5316160 1.0 
S 1 1.00 
0.6162030 1.0 
S 1 1.00 
0.2794940 1.0 
S 1 1.00 
0.0572530 1.0 
S 1 1.00 
0.0234430 1.0 






P 1 1.00 
14.0775800 1.0 
P 1 1.00 
8.2658460 1.0 
P 1 1.00 
3.4236070 1.0 
P 1 1.00 
1.7084170 1.0 




P 1 1.00 
0.2837550 1.0 
P 1 1.00 
0.1018140 1.0 
P 1 1.00 
0.0305350 1.0 







D 1 1.00 
1.7637240 1.0 
D 1 1.00 
0.7840300 1.0 
D 1 1.00 
0.2761270 1.0 
D 1 1.00 
0.0869800 1.0 






F 1 1.00 
1.0102740 1.0 
F 1 1.00 
0.4116800 1.0 
F 1 1.00 
0.1441200 1.0 





G 1 1.00 
2.2559730 1.0 







ECP60MWB 5 60 
H-Komponente 
1 
2 1.00000000 0.00000000 
S-H 
1 
2 16.41403869 536.51662778 
P-H 
1 
2 9.06055606 169.54492465 
D-H 
1 
2 8.83183198 142.61559837 
F-H 
1 
2 7.01851629 60.39307602 
G-H 
1 






#N B3LYP/GEN pop=min pseudo=cards scf=(MaxCycle=300) freq 
 
uranyl ECP60MWB-SEG for U, 6-31G* for H,O,C 
 
1 1 
6        2.115427000      3.974441000     -0.111669000 
6        0.834637000      4.605934000     -0.064053000 
6       -0.336099000      3.807476000     -0.028466000 
6       -0.239418000      2.382426000     -0.023205000 
6        1.061102000      1.747115000     -0.034794000 
6        2.192293000      2.566433000     -0.101823000 
6        1.129512000      0.301704000     -0.045704000 
6       -0.055359000     -0.486089000     -0.056163000 
6       -1.342233000      0.173172000     -0.032193000 
6       -1.421504000      1.600706000     -0.018638000 
6       -2.533572000     -0.594967000     -0.014582000 
6       -2.480284000     -2.019554000     -0.003292000 
6       -1.197932000     -2.668879000      0.004672000 
6       -0.043482000     -1.910309000     -0.014430000 
6       -2.704042000      2.245583000     -0.001670000 
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6       -3.888580000      1.471528000      0.004793000 
6       -3.812837000      0.051949000      0.000166000 
6       -1.617833000      4.444644000     -0.007326000 
6       -2.789199000      3.671252000      0.007253000 
6       -1.699106000      5.888789000     -0.004418000 
6       -0.543331000      6.640364000     -0.030743000 
6        0.745064000      6.034736000     -0.067982000 
1        3.176381000      2.120023000     -0.143364000 
1        0.905211000     -2.428116000      0.000121000 
8        2.699178000     -1.420423000     -0.709337000 
6       -3.660517000     -2.786851000      0.013423000 
6       -4.933023000     -2.139761000      0.016424000 
6       -4.999793000     -0.720175000      0.011240000 
6        3.276834000      4.784630000     -0.169464000 
6        3.178508000      6.168516000     -0.169273000 
6        1.927780000      6.792777000     -0.116736000 
1        4.250905000      4.304449000     -0.215875000 
6       -1.157003000     -4.112804000      0.037112000 
6       -2.293130000     -4.854028000      0.046734000 
6       -3.595048000     -4.228678000      0.033507000 
1       -0.183831000     -4.596783000      0.052755000 
6       -6.120303000     -2.910668000      0.029687000 
6       -6.047172000     -4.338506000      0.041196000 
6       -4.766576000     -4.963098000      0.044556000 
1        4.078623000      6.774961000     -0.212651000 
1        1.860814000      7.877316000     -0.119141000 
1       -2.244989000     -5.939540000      0.068081000 
1       -4.717040000     -6.049427000      0.058701000 
6       -6.286028000     -0.067879000      0.020927000 
6       -7.448317000     -0.851593000      0.029799000 
6       -7.397601000     -2.259750000      0.034082000 
6       -5.180086000      2.122270000      0.019663000 
6       -6.335144000      1.347072000      0.024689000 
6       -4.087239000      4.314817000      0.025410000 
6       -4.137742000      5.758917000      0.035478000 
6       -3.006771000      6.503785000      0.021679000 
6       -5.229867000      3.547193000      0.030408000 
1       -8.417567000     -0.358686000      0.035931000 
1       -7.305010000      1.838187000      0.034486000 
1       -5.114109000      6.235690000      0.052739000 
1       -6.203113000      4.031609000      0.042824000 
6       -7.242235000     -5.080677000      0.052935000 
6       -8.488221000     -4.442884000      0.054247000 
6       -8.570266000     -3.057652000      0.045556000 
1       -0.609937000      7.725784000     -0.030643000 
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1       -3.060283000      7.589219000      0.027470000 
1       -7.190336000     -6.166197000      0.061762000 
1       -9.396012000     -5.038329000      0.063292000 
1       -9.540165000     -2.567647000      0.048223000 
6        2.438493000     -0.353187000     -0.024825000 
8        3.424774000      0.094801000      0.678597000 
92       4.959086000     -1.578156000      0.032739000 
8        5.669388000     -0.528320000     -1.213769000 
8        4.502158000     -2.714170000      1.317707000 
8        4.363284000     -3.196393000     -1.851434000 
8        6.090285000     -0.228540000      1.846989000 
8        7.131629000     -2.867416000     -0.050739000 
1        4.708912000     -2.941988000     -2.724275000 
1        3.397819000     -3.050248000     -1.901389000 
1        7.942631000     -2.622459000     -0.525142000 
1        7.329461000     -3.644380000      0.497600000 
1        6.096364000      0.731483000      1.687485000 
1        5.677211000     -0.352354000      2.719820000 
 
H     0  
S   3   1.00 
     18.7311370              0.03349460        
      2.8253937              0.23472695        
      0.6401217              0.81375733        
S   1   1.00 
      0.1612778              1.0000000         
**** 
C     0  
S   6   1.00 
   3047.5249000              0.0018347         
    457.3695100              0.0140373         
    103.9486900              0.0688426         
     29.2101550              0.2321844         
      9.2866630              0.4679413         
      3.1639270              0.3623120         
SP   3   1.00 
      7.8682724             -0.1193324              0.0689991         
      1.8812885             -0.1608542              0.3164240         
      0.5442493              1.1434564              0.7443083         
SP   1   1.00 
      0.1687144              1.0000000              1.0000000         
D   1   1.00 
      0.8000000              1.0000000    
**** 
O     0  
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S   6   1.00 
   5484.6717000              0.0018311         
    825.2349500              0.0139501         
    188.0469600              0.0684451         
     52.9645000              0.2327143         
     16.8975700              0.4701930         
      5.7996353              0.3585209         
SP   3   1.00 
     15.5396160             -0.1107775              0.0708743         
      3.5999336             -0.1480263              0.3397528         
      1.0137618              1.1307670              0.7271586         
SP   1   1.00 
      0.2700058              1.0000000              1.0000000         
D   1   1.00 
      0.8000000              1.0000000    
**** 
(U basis set and ECP, which comprise the remainder of the input file, are the same as those used 
for the geometry optimization.) 




#N B3LYP/GEN pop=min pseudo=cards scf=(MaxCycle=300) 
 
uranyl ECP60MWB-SEG for U, 6-311+G** for H,O,C 
 
1 1 
6        2.115427000      3.974441000     -0.111669000 
6        0.834637000      4.605934000     -0.064053000 
6       -0.336099000      3.807476000     -0.028466000 
6       -0.239418000      2.382426000     -0.023205000 
6        1.061102000      1.747115000     -0.034794000 
6        2.192293000      2.566433000     -0.101823000 
6        1.129512000      0.301704000     -0.045704000 
6       -0.055359000     -0.486089000     -0.056163000 
6       -1.342233000      0.173172000     -0.032193000 
6       -1.421504000      1.600706000     -0.018638000 
6       -2.533572000     -0.594967000     -0.014582000 
6       -2.480284000     -2.019554000     -0.003292000 
6       -1.197932000     -2.668879000      0.004672000 
6       -0.043482000     -1.910309000     -0.014430000 
6       -2.704042000      2.245583000     -0.001670000 
6       -3.888580000      1.471528000      0.004793000 
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6       -3.812837000      0.051949000      0.000166000 
6       -1.617833000      4.444644000     -0.007326000 
6       -2.789199000      3.671252000      0.007253000 
6       -1.699106000      5.888789000     -0.004418000 
6       -0.543331000      6.640364000     -0.030743000 
6        0.745064000      6.034736000     -0.067982000 
1        3.176381000      2.120023000     -0.143364000 
1        0.905211000     -2.428116000      0.000121000 
8        2.699178000     -1.420423000     -0.709337000 
6       -3.660517000     -2.786851000      0.013423000 
6       -4.933023000     -2.139761000      0.016424000 
6       -4.999793000     -0.720175000      0.011240000 
6        3.276834000      4.784630000     -0.169464000 
6        3.178508000      6.168516000     -0.169273000 
6        1.927780000      6.792777000     -0.116736000 
1        4.250905000      4.304449000     -0.215875000 
6       -1.157003000     -4.112804000      0.037112000 
6       -2.293130000     -4.854028000      0.046734000 
6       -3.595048000     -4.228678000      0.033507000 
1       -0.183831000     -4.596783000      0.052755000 
6       -6.120303000     -2.910668000      0.029687000 
6       -6.047172000     -4.338506000      0.041196000 
6       -4.766576000     -4.963098000      0.044556000 
1        4.078623000      6.774961000     -0.212651000 
1        1.860814000      7.877316000     -0.119141000 
1       -2.244989000     -5.939540000      0.068081000 
1       -4.717040000     -6.049427000      0.058701000 
6       -6.286028000     -0.067879000      0.020927000 
6       -7.448317000     -0.851593000      0.029799000 
6       -7.397601000     -2.259750000      0.034082000 
6       -5.180086000      2.122270000      0.019663000 
6       -6.335144000      1.347072000      0.024689000 
6       -4.087239000      4.314817000      0.025410000 
6       -4.137742000      5.758917000      0.035478000 
6       -3.006771000      6.503785000      0.021679000 
6       -5.229867000      3.547193000      0.030408000 
1       -8.417567000     -0.358686000      0.035931000 
1       -7.305010000      1.838187000      0.034486000 
1       -5.114109000      6.235690000      0.052739000 
1       -6.203113000      4.031609000      0.042824000 
6       -7.242235000     -5.080677000      0.052935000 
6       -8.488221000     -4.442884000      0.054247000 
6       -8.570266000     -3.057652000      0.045556000 
1       -0.609937000      7.725784000     -0.030643000 
1       -3.060283000      7.589219000      0.027470000 
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1       -7.190336000     -6.166197000      0.061762000 
1       -9.396012000     -5.038329000      0.063292000 
1       -9.540165000     -2.567647000      0.048223000 
6        2.438493000     -0.353187000     -0.024825000 
8        3.424774000      0.094801000      0.678597000 
92       4.959086000     -1.578156000      0.032739000 
8        5.669388000     -0.528320000     -1.213769000 
8        4.502158000     -2.714170000      1.317707000 
8        4.363284000     -3.196393000     -1.851434000 
8        6.090285000     -0.228540000      1.846989000 
8        7.131629000     -2.867416000     -0.050739000 
1        4.708912000     -2.941988000     -2.724275000 
1        3.397819000     -3.050248000     -1.901389000 
1        7.942631000     -2.622459000     -0.525142000 
1        7.329461000     -3.644380000      0.497600000 
1        6.096364000      0.731483000      1.687485000 
1        5.677211000     -0.352354000      2.719820000 
 
H     0  
S   3   1.00 
     33.8650000              0.0254938         
      5.0947900              0.1903730         
      1.1587900              0.8521610         
S   1   1.00 
      0.3258400              1.0000000         
S   1   1.00 
      0.1027410              1.0000000         
P   1   1.00 
      0.7500000              1.0000000         
**** 
C     0  
S   6   1.00 
   4563.2400000              0.00196665        
    682.0240000              0.0152306         
    154.9730000              0.0761269         
     44.4553000              0.2608010         
     13.0290000              0.6164620         
      1.8277300              0.2210060         
SP   3   1.00 
     20.9642000              0.1146600              0.0402487         
      4.8033100              0.9199990              0.2375940         
      1.4593300             -0.00303068             0.8158540         
SP   1   1.00 
      0.4834560              1.0000000              1.0000000         
SP   1   1.00 
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      0.1455850              1.0000000              1.0000000         
SP   1   1.00 
      0.0438000              1.0000000              1.0000000         
D   1   1.00 
      0.6260000              1.0000000         
**** 
O     0  
S   6   1.00 
   8588.5000000              0.00189515        
   1297.2300000              0.0143859         
    299.2960000              0.0707320         
     87.3771000              0.2400010         
     25.6789000              0.5947970         
      3.7400400              0.2808020         
SP   3   1.00 
     42.1175000              0.1138890              0.0365114         
      9.6283700              0.9208110              0.2371530         
      2.8533200             -0.00327447             0.8197020         
SP   1   1.00 
      0.9056610              1.0000000              1.0000000         
SP   1   1.00 
      0.2556110              1.0000000              1.0000000         
SP   1   1.00 
      0.0845000              1.0000000              1.0000000         
D   1   1.00 
      1.2920000              1.0000000         
**** 
(U basis set and ECP, which comprise the remainder of the input file, are the same as those used 
for the geometry optimization and frequency calculation.) 




#N B3LYP/GEN pop=min pseudo=cards scf=(MaxCycle=300) scrf=pcm 
 
uranyl ECP60MWB-SEG for U, 6-311+G** for H,O,C 
 
1 1 
6        2.115427000      3.974441000     -0.111669000 
6        0.834637000      4.605934000     -0.064053000 
6       -0.336099000      3.807476000     -0.028466000 
6       -0.239418000      2.382426000     -0.023205000 
6        1.061102000      1.747115000     -0.034794000 
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6        2.192293000      2.566433000     -0.101823000 
6        1.129512000      0.301704000     -0.045704000 
6       -0.055359000     -0.486089000     -0.056163000 
6       -1.342233000      0.173172000     -0.032193000 
6       -1.421504000      1.600706000     -0.018638000 
6       -2.533572000     -0.594967000     -0.014582000 
6       -2.480284000     -2.019554000     -0.003292000 
6       -1.197932000     -2.668879000      0.004672000 
6       -0.043482000     -1.910309000     -0.014430000 
6       -2.704042000      2.245583000     -0.001670000 
6       -3.888580000      1.471528000      0.004793000 
6       -3.812837000      0.051949000      0.000166000 
6       -1.617833000      4.444644000     -0.007326000 
6       -2.789199000      3.671252000      0.007253000 
6       -1.699106000      5.888789000     -0.004418000 
6       -0.543331000      6.640364000     -0.030743000 
6        0.745064000      6.034736000     -0.067982000 
1        3.176381000      2.120023000     -0.143364000 
1        0.905211000     -2.428116000      0.000121000 
8        2.699178000     -1.420423000     -0.709337000 
6       -3.660517000     -2.786851000      0.013423000 
6       -4.933023000     -2.139761000      0.016424000 
6       -4.999793000     -0.720175000      0.011240000 
6        3.276834000      4.784630000     -0.169464000 
6        3.178508000      6.168516000     -0.169273000 
6        1.927780000      6.792777000     -0.116736000 
1        4.250905000      4.304449000     -0.215875000 
6       -1.157003000     -4.112804000      0.037112000 
6       -2.293130000     -4.854028000      0.046734000 
6       -3.595048000     -4.228678000      0.033507000 
1       -0.183831000     -4.596783000      0.052755000 
6       -6.120303000     -2.910668000      0.029687000 
6       -6.047172000     -4.338506000      0.041196000 
6       -4.766576000     -4.963098000      0.044556000 
1        4.078623000      6.774961000     -0.212651000 
1        1.860814000      7.877316000     -0.119141000 
1       -2.244989000     -5.939540000      0.068081000 
1       -4.717040000     -6.049427000      0.058701000 
6       -6.286028000     -0.067879000      0.020927000 
6       -7.448317000     -0.851593000      0.029799000 
6       -7.397601000     -2.259750000      0.034082000 
6       -5.180086000      2.122270000      0.019663000 
6       -6.335144000      1.347072000      0.024689000 
6       -4.087239000      4.314817000      0.025410000 
6       -4.137742000      5.758917000      0.035478000 
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6       -3.006771000      6.503785000      0.021679000 
6       -5.229867000      3.547193000      0.030408000 
1       -8.417567000     -0.358686000      0.035931000 
1       -7.305010000      1.838187000      0.034486000 
1       -5.114109000      6.235690000      0.052739000 
1       -6.203113000      4.031609000      0.042824000 
6       -7.242235000     -5.080677000      0.052935000 
6       -8.488221000     -4.442884000      0.054247000 
6       -8.570266000     -3.057652000      0.045556000 
1       -0.609937000      7.725784000     -0.030643000 
1       -3.060283000      7.589219000      0.027470000 
1       -7.190336000     -6.166197000      0.061762000 
1       -9.396012000     -5.038329000      0.063292000 
1       -9.540165000     -2.567647000      0.048223000 
6        2.438493000     -0.353187000     -0.024825000 
8        3.424774000      0.094801000      0.678597000 
92       4.959086000     -1.578156000      0.032739000 
8        5.669388000     -0.528320000     -1.213769000 
8        4.502158000     -2.714170000      1.317707000 
8        4.363284000     -3.196393000     -1.851434000 
8        6.090285000     -0.228540000      1.846989000 
8        7.131629000     -2.867416000     -0.050739000 
1        4.708912000     -2.941988000     -2.724275000 
1        3.397819000     -3.050248000     -1.901389000 
1        7.942631000     -2.622459000     -0.525142000 
1        7.329461000     -3.644380000      0.497600000 
1        6.096364000      0.731483000      1.687485000 
1        5.677211000     -0.352354000      2.719820000 
 
H     0  
S   3   1.00 
     33.8650000              0.0254938         
      5.0947900              0.1903730         
      1.1587900              0.8521610         
S   1   1.00 
      0.3258400              1.0000000         
S   1   1.00 
      0.1027410              1.0000000         
P   1   1.00 
      0.7500000              1.0000000         
**** 
C     0  
S   6   1.00 
   4563.2400000              0.00196665        
    682.0240000              0.0152306         
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    154.9730000              0.0761269         
     44.4553000              0.2608010         
     13.0290000              0.6164620         
      1.8277300              0.2210060         
SP   3   1.00 
     20.9642000              0.1146600              0.0402487         
      4.8033100              0.9199990              0.2375940         
      1.4593300             -0.00303068             0.8158540         
SP   1   1.00 
      0.4834560              1.0000000              1.0000000         
SP   1   1.00 
      0.1455850              1.0000000              1.0000000         
SP   1   1.00 
      0.0438000              1.0000000              1.0000000         
D   1   1.00 
      0.6260000              1.0000000         
**** 
O     0  
S   6   1.00 
   8588.5000000              0.00189515        
   1297.2300000              0.0143859         
    299.2960000              0.0707320         
     87.3771000              0.2400010         
     25.6789000              0.5947970         
      3.7400400              0.2808020         
SP   3   1.00 
     42.1175000              0.1138890              0.0365114         
      9.6283700              0.9208110              0.2371530         
      2.8533200             -0.00327447             0.8197020         
SP   1   1.00 
      0.9056610              1.0000000              1.0000000         
SP   1   1.00 
      0.2556110              1.0000000              1.0000000         
SP   1   1.00 
      0.0845000              1.0000000              1.0000000         
D   1   1.00 
      1.2920000              1.0000000         
**** 
(U basis set and ECP, which comprise the remainder of the input file, are the same as those used 
for the geometry optimization, frequency calculation, and gas-phase point energy calculation.)
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Appendix B: Complete List of Sorption Reactions 
 
U bidentate sorption to deprotonated carboxyl-functionalized GO (1 sheet) 
1) GOCOO- + UO2(H2O)5
2+ ↔ GOCOOUO2(H2O)3
+ + 2H2O 
U bidentate sorption to deprotonated carboxyl-functionalized GO (2 sheets) 
2) 2GOCOO- + UO2(H2O)5
2+ ↔ (GOCOO)2UO2(H2O)2 + 3H2O 
3) 2GOCOO- + UO2(H2O)5
2+ ↔ (GOCOO)2UO2(H2O) + 4H2O 
4) 2GOCOO- + UO2(H2O)5
2+ ↔ (GOCOO)2UO2 + 5H2O 
U sorption to deprotonated hydroxyl-functionalized GO (1 sheet) 
5) GOO- + UO2(H2O)5
2+ ↔ GOOUO2(H2O)4
+ + H2O 
U sorption to deprotonated hydroxyl-functionalized GO (2 sheets) 
6) 2GOO- + UO2(H2O)5
2+ ↔ (GOO)2UO2(H2O)4 + H2O 
7) 2GOO- + UO2(H2O)5
2+ ↔ (GOO)2UO2(H2O)3 + 2H2O 
8) 2GOO- + UO2(H2O)5
2+ ↔ (GOO)2UO2(H2O)2 + 3H2O 
U bidentate sorption to protonated carboxyl-functionalized GO (1 sheet) 
9) GOCOOH + UO2(H2O)5
2+ ↔ GOCOOHUO2(H2O)3
2+ + 2H2O 
U monodentate sorption to protonated carboxyl-functionalized GO (1 sheet) 
10) GOCOOH + UO2(H2O)5
2+ ↔ GOCOOHUO2(H2O)4
2+ + H2O 
U sorption to protonated hydroxyl-functionalized GO (1 sheet) 
11) GOO- + UO2(H2O)5
2+ ↔ GOOUO2(H2O)4
+ + H2O 
Eu bidentate sorption to deprotonated carboxyl-functionalized GO (1 sheet) 
12) GOCOO- + Eu(H2O)8
3+ ↔ GOCOOEu(H2O)5
2+ + 3H2O 
13) GOCOO- + Eu(H2O)8
3+ ↔ GOCOOEu(H2O)4
2+ + 4H2O 
14) GOCOO- + Eu(H2O)8
3+ ↔ GOCOOEu(H2O)3
2+ + 5H2O 
Eu bidentate sorption to deprotonated carboxyl-functionalized GO (2 sheets) 
15)  2GOCOO- + Eu(H2O)8
3+ ↔ (GOCOO)2Eu(H2O)2
+ + 6H2O 
16)  2GOCOO- + Eu(H2O)8
3+ ↔ (GOCOO)2Eu(H2O)
+ + 7H2O 
17)  2GOCOO- + Eu(H2O)8
3+ ↔ (GOCOO)2Eu
+ + 8H2O 
Eu sorption to deprotonated hydroxyl-functionalized GO (1 sheet) 
18) GOO- + Eu(H2O)8
3+ ↔ GOOEu(H2O)6
2+ + 2H2O 
19) GOO- + Eu(H2O)8
3+ ↔ GOOEu(H2O)5
2+ + 3H2O 
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20) GOO- + Eu(H2O)8
3+ ↔ GOOEu(H2O)4
2+ + 4H2O 
Eu sorption to deprotonated hydroxyl-functionalized GO (2 sheets) 
21)  2GOO- + Eu(H2O)8
3+ ↔ (GOO)2Eu(H2O)4
+ + 4H2O 
22)  2GOO- + Eu(H2O)8
3+ ↔ (GOO)2Eu(H2O)3
+ + 5H2O 
23)  2GOO- + Eu(H2O)8
3+ ↔ (GOO)2Eu(H2O)2
+ + 6H2O 
Eu bidentate sorption to protonated carboxyl-functionalized GO (1 sheet) 
24) GOCOOH + Eu(H2O)8
3+ ↔ GOCOOHEu(H2O)5
3+ + 3H2O 
25) GOCOOH + Eu(H2O)8
3+ ↔ GOCOOHEu(H2O)4
3+ + 4H2O 
26) GOCOOH + Eu(H2O)8
3+ ↔ GOCOOHEu(H2O)3
3+ + 5H2O 
Eu monodentate sorption to protonated carboxyl-functionalized GO (1 sheet) 
27) GOCOOH + Eu(H2O)8
3+ ↔ GOCOOHEu(H2O)6
3+ + 2H2O 
28) GOCOOH + Eu(H2O)8
3+ ↔ GOCOOHEu(H2O)5
3+ + 3H2O 
29) GOCOOH + Eu(H2O)8
3+ ↔ GOCOOHEu(H2O)4
3+ + 4H2O 
30) GOCOOH + Eu(H2O)8
3+ ↔ GOCOOHEu(H2O)3
3+ + 5H2O 
Eu sorption to protonated hydroxyl-functionalized GO (1 sheet) 
31) GOOH + Eu(H2O)8
3+ ↔ GOOHEu(H2O)6
3+ + 2H2O 
32) GOOH + Eu(H2O)8
3+ ↔ GOOHEu(H2O)5
3+ + 3H2O 
33) GOOH + Eu(H2O)8
3+ ↔ GOOHEu(H2O)4
3+ + 4H2O 
Np bidentate sorption to deprotonated carboxyl-functionalized GO (1 sheet) 
34) GOCOO- + NpO2(H2O)5
+ ↔ GOCOONpO2(H2O)3 + 2H2O 
Np sorption to deprotonated hydroxyl-functionalized GO (1 sheet) 
35) GOO- + NpO2(H2O)5
+ ↔ GOONpO2(H2O)4 + H2O 
Np bidentate sorption to protonated carboxyl-functionalized GO (1 sheet) 
36) GOCOOH + NpO2(H2O)5
+ ↔ GOCOOHNpO2(H2O)3
+ + 2H2O 
Np monodentate sorption to protonated carboxyl-functionalized GO (1 sheet) 
37) GOCOOH + NpO2(H2O)5
+ ↔ GOCOOHNpO2(H2O)4
+ + H2O 
Np sorption to protonated hydroxyl-functionalized GO (1 sheet) 
38) GOOH + NpO2(H2O)5
+ ↔ GOOHNpO2(H2O)4
+ + H2O 
Pu bidentate sorption to deprotonated carboxyl-functionalized GO (1 sheet) 
39) GOCOO- + PuO2(H2O)5
2+ ↔ GOCOOPuO2(H2O)3
+ + 2H2O 
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Pu sorption to deprotonated hydroxyl-functionalized GO (1 sheet) 
40) GOO- + PuO2(H2O)5
2+ ↔ GOOPuO2(H2O)4
+ + H2O 
Pu bidentate sorption to protonated carboxyl-functionalized GO (1 sheet) 
41) GOCOOH + PuO2(H2O)5
2+ ↔ GOCOOHPuO2(H2O)3
2+ + 2H2O 
Pu monodentate sorption to protonated carboxyl-functionalized GO (1 sheet) 
42) GOCOOH + PuO2(H2O)5
2+ ↔ GOCOOHPuO2(H2O)4
2+ + H2O 
Pu sorption to protonated hydroxyl-functionalized GO (1 sheet) 
43) GOOH + PuO2(H2O)5
2+ ↔ GOOHPuO2(H2O)4





Appendix C: Results of Calculations of UO2
2+ and Eu3+ Sorption to GO Sheets of Varying Size 
 
Table C.1: Results of calculations of UO2
2+ and Eu3+ sorption to GO sheets of varying size 
 
Rxna Sorbate Functional 
group 









phase ΔE (eV) 
1 UO2
2+ COO- 3 983 -8.34 -0.94 
1 UO2
2+ COO- 6 979 -8.27 -0.92 
1 UO2
2+ COO- 10 970 -8.27 -0.91 
1 UO2
2+ COO- 15 964 -8.24 -0.88 
1 UO2
2+ COO- 20b 960 -8.25 c 
5 UO2
2+ O- 3 956 -8.55 -1.28 
5 UO2
2+ O- 6 952 -8.32 -1.17 
5 UO2
2+ O- 10 941 -8.00 -0.96 
5 UO2
2+ O- 15 939 -7.83 -0.87 
5 UO2
2+ O- 20b 937 -7.71 -0.80 
14 Eu3+ COO- 3 - -10.52 c 
14 Eu3+ COO- 6 - -11.10 -0.67 
14 Eu3+ COO- 10 - -11.80 -1.03 
14 Eu3+ COO- 15 - -12.14 -1.13 
20 Eu3+ O- 3 - -11.31 -1.37 
20 Eu3+ O- 6 - -11.47 -1.34 
20 Eu3+ O- 10 - -11.71 -1.45 
20 Eu3+ O- 15 - -11.81 -1.43 
(-) not applicable. 
aReaction numbers correspond to the reactions listed and numbered in Appendix B. 
bGeometry optimization input geometries for UO2
2+ sorbed to 20-ring GO were provided by 
authors of previous study13. 
cPoint-energy calculation convergence was not achieved. 
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Appendix D: Coordinates for All Optimized Geometries 
Water (Optimized at B3LYP/6-31G(d) level of theory) 
8        0.000000000      0.126125000      0.000000000 
1        0.761618000     -0.472569000      0.000000000 
1       -0.761618000     -0.472569000      0.000000000 
Uncomplexed GO (Optimized at B3LYP/6-31G(d) level of theory) 
Three-ring GOCOO- 
6       -0.025322000     -2.061748000      0.015872000 
6        1.198344000     -1.385810000     -0.028561000 
6        1.215590000      0.061218000     -0.021625000 
6        0.001557000      0.796721000     -0.029604000 
6       -1.226081000      0.084301000     -0.014492000 
6       -1.236021000     -1.361842000      0.038482000 
6       -2.491178000     -2.047189000      0.102584000 
6       -3.675373000     -1.358942000      0.102913000 
6       -3.672874000      0.063599000      0.027615000 
6       -2.491558000      0.758182000     -0.035508000 
6        2.493482000      0.711506000     -0.021607000 
6        3.661539000     -0.006821000     -0.062073000 
6        3.637298000     -1.430818000     -0.092061000 
6        2.440357000     -2.096323000     -0.070365000 
1       -0.035589000     -3.151325000      0.033240000 
1       -2.481476000     -3.135417000      0.150692000 
1       -4.621011000     -1.896407000      0.153080000 
1       -4.619499000      0.599997000      0.010063000 
1       -2.470716000      1.837348000     -0.134704000 
1        2.493054000      1.793485000      0.043110000 
1        4.618063000      0.512012000     -0.061171000 
1        4.572655000     -1.987290000     -0.124686000 
1        2.410159000     -3.185154000     -0.083837000 
6        0.016372000      2.356240000     -0.054459000 
8       -0.695792000      2.880603000     -0.943861000 
8        0.738641000      2.895252000      0.817946000 
Three-ring GOO- 
6       -1.274686000     -0.004218000      0.007828000 
6       -0.577883000     -1.225464000     -0.002179000 
6        0.862756000     -1.247808000     -0.025870000 
6        1.645256000     -0.006114000     -0.040034000 
6        0.864375000      1.236515000     -0.029004000 
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6       -0.576326000      1.216046000     -0.005250000 
6       -1.244951000      2.482271000      0.004055000 
6       -0.549108000      3.670486000     -0.009013000 
6        0.868196000      3.678298000     -0.032410000 
6        1.544142000      2.471869000     -0.041939000 
6        1.541024000     -2.483993000     -0.035694000 
6        0.863553000     -3.689559000     -0.023131000 
6       -0.553715000     -3.679909000      0.000252000 
6       -1.248098000     -2.490777000      0.010330000 
1       -2.363790000     -0.003531000      0.025693000 
8        2.901055000     -0.007057000     -0.061641000 
1       -2.334905000      2.488095000      0.021969000 
1       -1.094364000      4.614558000     -0.001325000 
1        1.410631000      4.622000000     -0.042591000 
1        2.630196000      2.426372000     -0.059769000 
1        2.627130000     -2.439869000     -0.053629000 
1        1.404799000     -4.633968000     -0.030951000 
1       -1.100160000     -4.623270000      0.010336000 
1       -2.338056000     -2.495239000      0.028274000 
Six-ring GOCOO- 
6       -2.835009000      2.450490000      0.054247000 
6       -2.148632000      1.186347000      0.001645000 
6       -0.715690000      1.194875000     -0.005308000 
6       -0.006332000      2.431148000      0.016763000 
6       -0.718887000      3.684870000      0.048881000 
6       -2.161799000      3.630921000      0.087110000 
6       -0.031500000      4.908396000      0.031048000 
6        1.404847000      4.894194000      0.006236000 
6        2.119804000      3.651196000      0.027306000 
6        1.412756000      2.420192000      0.019099000 
6        3.554406000      3.647154000      0.040972000 
6        4.243050000      4.860728000      0.035275000 
6        3.543900000      6.074784000     -0.001184000 
6        2.158883000      6.096019000     -0.025000000 
6        2.123683000      1.167139000      0.010239000 
6        3.565455000      1.202808000      0.030241000 
6        4.241942000      2.380269000      0.048644000 
6        0.000430000     -0.049597000     -0.029738000 
6        1.416405000     -0.025290000     -0.017751000 
6       -0.734543000     -1.261116000     -0.058874000 
6       -2.119427000     -1.249080000     -0.060147000 
6       -2.825374000     -0.038098000     -0.028115000 
6       -0.798922000      6.263019000      0.026935000 
 98 
 
1       -3.923259000      2.440009000      0.082522000 
1       -2.681302000      4.578207000      0.172814000 
1        5.331892000      4.853435000      0.047912000 
1        4.095540000      7.012189000     -0.022065000 
1        1.610034000      7.027126000     -0.102553000 
1        4.101895000      0.255648000      0.029522000 
1        5.330692000      2.389759000      0.062626000 
1        1.958368000     -0.969882000     -0.028903000 
1       -0.190852000     -2.203614000     -0.078555000 
1       -2.667658000     -2.189017000     -0.083054000 
1       -3.913391000     -0.040869000     -0.023227000 
8       -0.466042000      7.046033000     -0.894295000 
8       -1.649046000      6.400265000      0.936498000 
Six-ring GOO- 
6       -2.846428000      2.430056000      0.004902000 
6       -2.160307000      1.172006000      0.002560000 
6       -0.723126000      1.180092000      0.001537000 
6       -0.014233000      2.421981000      0.002758000 
6       -0.736099000      3.651943000      0.005067000 
6       -2.154641000      3.612540000      0.005978000 
6       -0.057042000      4.938838000      0.006564000 
6        1.424246000      4.887090000      0.004966000 
6        2.123473000      3.642559000      0.002580000 
6        1.415915000      2.409255000      0.001574000 
6        3.558093000      3.650007000      0.001299000 
6        4.241126000      4.873664000      0.002185000 
6        3.544062000      6.084378000      0.004266000 
6        2.149642000      6.083993000      0.005767000 
6        2.120822000      1.162980000     -0.000636000 
6        3.563285000      1.207187000     -0.001805000 
6        4.245120000      2.384674000     -0.001026000 
6        0.000982000     -0.066794000     -0.000710000 
6        1.417321000     -0.038748000     -0.001666000 
6       -0.737670000     -1.277393000     -0.001636000 
6       -2.126143000     -1.264005000     -0.000693000 
6       -2.838672000     -0.062243000      0.001332000 
8       -0.663833000      6.033889000      0.008964000 
1       -3.935547000      2.424131000      0.005685000 
1       -2.669067000      4.569718000      0.007744000 
1        5.330713000      4.868390000      0.001009000 
1        4.090812000      7.025463000      0.004714000 
1        1.578562000      7.007953000      0.007589000 
1        4.102915000      0.260990000     -0.003375000 
 99 
 
1        5.334570000      2.390089000     -0.001996000 
1        1.963173000     -0.981296000     -0.003374000 
1       -0.195796000     -2.221598000     -0.003178000 
1       -2.670340000     -2.208082000     -0.001472000 
1       -3.927069000     -0.067266000      0.002246000 
Ten-ring GOCOO- 
6       -4.358049000      0.975677000      0.042665000 
6       -4.222119000     -0.453639000     -0.012619000 
6       -2.934625000     -1.031281000     -0.031623000 
6       -1.775738000     -0.205143000     -0.015115000 
6       -1.914781000      1.234658000      0.018514000 
6       -3.206920000      1.779986000      0.067240000 
6       -0.752591000      2.076456000     -0.005690000 
6        0.523881000      1.472009000     -0.031672000 
6        0.663807000      0.032260000     -0.008364000 
6       -0.490093000     -0.795652000     -0.015100000 
6        1.954482000     -0.560947000      0.006775000 
6        3.117155000      0.256817000      0.000025000 
6        2.970345000      1.692876000     -0.045205000 
6        1.709733000      2.258705000     -0.071080000 
6       -0.345578000     -2.233999000     -0.019388000 
6        0.928528000     -2.797473000      0.005861000 
6        2.096750000     -2.001849000      0.024911000 
6       -2.788116000     -2.471015000     -0.058818000 
6       -1.527252000     -3.030995000     -0.049247000 
6       -3.988284000     -3.274418000     -0.088079000 
6       -5.223658000     -2.711941000     -0.079332000 
6       -5.397044000     -1.279036000     -0.034571000 
6       -0.907238000      3.617949000      0.000480000 
1       -3.298415000      2.856757000      0.162326000 
1        1.591809000      3.333859000     -0.154882000 
8       -0.353953000      4.209143000     -0.953667000 
8       -1.568990000      4.069488000      0.963658000 
6        4.406534000     -0.327750000      0.024048000 
6        4.542360000     -1.762069000      0.057588000 
6        3.387195000     -2.557653000      0.054368000 
6       -5.666859000      1.534807000      0.077658000 
6       -6.783954000      0.726256000      0.050683000 
6       -6.651934000     -0.677225000     -0.006097000 
1       -5.765960000      2.616380000      0.124373000 
6        4.166333000      2.497071000     -0.068545000 
6        5.402182000      1.934665000     -0.037311000 
6        5.578859000      0.502129000      0.011560000 
 100 
 
1        4.049548000      3.577578000     -0.108612000 
6        5.856887000     -2.313664000      0.087375000 
6        6.968191000     -1.496949000      0.080664000 
6        6.838984000     -0.094191000      0.041547000 
1        1.031398000     -3.881101000      0.008986000 
1       -1.421711000     -4.114716000     -0.062086000 
1       -6.114675000     -3.336543000     -0.100525000 
1       -3.876023000     -4.356585000     -0.115889000 
1        3.492109000     -3.641089000      0.071546000 
1       -7.776788000      1.169045000      0.075177000 
1       -7.541675000     -1.303716000     -0.023931000 
1        6.293350000      2.559058000     -0.051558000 
1        7.962260000     -1.939153000      0.103741000 
1        5.967269000     -3.395685000      0.114037000 
1        7.726785000      0.534288000      0.032726000 
Ten-ring GOO- 
6       -2.860097000      2.419089000      0.002884000 
6       -2.144093000      1.171800000      0.001493000 
6       -0.716794000      1.179315000      0.000845000 
6       -0.012273000      2.414055000      0.001577000 
6       -0.747644000      3.644611000      0.002977000 
6       -2.142711000      3.617147000      0.003680000 
6       -0.060411000      4.942605000      0.003988000 
6        1.424692000      4.900029000      0.003145000 
6        2.125636000      3.640973000      0.001525000 
6        1.419103000      2.415778000      0.000931000 
6        3.548906000      3.650946000      0.000738000 
6        4.260670000      4.874396000      0.001694000 
6        3.546491000      6.119632000      0.003464000 
6        2.129715000      6.087000000      0.004023000 
6        2.129733000      1.161808000     -0.000687000 
6        3.555710000      1.206737000     -0.001714000 
6        4.262381000      2.394855000     -0.001045000 
6        0.007315000     -0.079721000     -0.000476000 
6        1.421105000     -0.041779000     -0.001270000 
6       -0.726191000     -1.278291000     -0.000870000 
6       -2.131049000     -1.303822000     -0.000031000 
6       -2.858354000     -0.058758000      0.001136000 
8       -0.673065000      6.024885000      0.005440000 
1       -2.664110000      4.570966000      0.004880000 
1        1.560450000      7.012862000      0.005103000 
6        5.696558000      4.883232000      0.000903000 
6        6.385821000      3.615166000     -0.000879000 
 101 
 
6        5.705201000      2.438995000     -0.001701000 
6        4.281217000      7.329710000      0.004335000 
6        5.666066000      7.321779000      0.003695000 
6        6.370446000      6.105025000      0.001896000 
6       -4.292938000      2.383449000      0.003432000 
6       -4.975749000      1.204242000      0.002791000 
6       -4.292320000     -0.062827000      0.001822000 
6       -4.980670000     -1.284130000      0.001403000 
6       -4.268107000     -2.493024000      0.000442000 
6       -2.884538000     -2.512487000     -0.000174000 
1        4.101608000      0.263933000     -0.003109000 
1        1.970579000     -0.981508000     -0.002448000 
1       -0.184337000     -2.222863000     -0.001672000 
1        7.474375000      3.622581000     -0.001345000 
1        6.244050000      1.493061000     -0.002965000 
1        6.215482000      8.260417000      0.004538000 
1        7.459055000      6.109091000      0.001365000 
1       -6.064502000      1.198729000      0.003032000 
1       -6.068599000     -1.284887000      0.001761000 
1       -4.816205000     -3.434250000      0.000099000 
1       -2.348477000     -3.459625000     -0.001059000 
1       -4.828632000      3.331165000      0.004363000 
1        3.735667000      8.270970000      0.005763000 
15-ring GOCOO- 
6       -5.293272000      1.206382000      0.038832000 
6       -4.942256000     -0.182667000     -0.004008000 
6       -3.576851000     -0.559139000     -0.016636000 
6       -2.559595000      0.438602000     -0.005772000 
6       -2.916935000      1.838155000      0.023199000 
6       -4.271858000      2.180144000      0.064553000 
6       -1.891579000      2.849745000      0.001735000 
6       -0.540313000      2.449448000     -0.023507000 
6       -0.181919000      1.051017000     -0.004044000 
6       -1.199295000      0.051919000     -0.007202000 
6        1.179574000      0.660846000      0.000752000 
6        2.210640000      1.648784000     -0.007782000 
6        1.844383000      3.045318000     -0.041983000 
6        0.513881000      3.410236000     -0.061397000 
6       -0.844261000     -1.335130000     -0.010692000 
6        0.514254000     -1.719870000     -0.000056000 
6        1.535674000     -0.728860000      0.008908000 
6       -3.221223000     -1.946480000     -0.032406000 
6       -1.871376000     -2.328585000     -0.026296000 
 102 
 
6       -4.266302000     -2.947122000     -0.048954000 
6       -5.588883000     -2.556607000     -0.047838000 
6       -5.970514000     -1.181525000     -0.021238000 
6       -2.282530000      4.344790000      0.011922000 
1       -4.529916000      3.229810000      0.155863000 
1        0.232934000      4.455064000     -0.140189000 
8       -1.851517000      5.011807000     -0.954163000 
8       -2.982921000      4.686813000      0.992305000 
6        3.564481000      1.265581000      0.001283000 
6        3.921735000     -0.120909000      0.018140000 
6        2.899542000     -1.112748000      0.018530000 
6       -6.665534000      1.561358000      0.061850000 
6       -7.651752000      0.586675000      0.036594000 
6       -7.313507000     -0.772011000     -0.004443000 
1       -6.930286000      2.614819000      0.098474000 
6        2.906383000      4.023108000     -0.064622000 
6        4.212211000      3.655493000     -0.045311000 
6        4.607655000      2.264800000     -0.011673000 
1        2.626584000      5.073450000     -0.094998000 
6        5.288715000     -0.505521000      0.028444000 
6        6.316522000      0.497613000      0.023520000 
6        5.931280000      1.870468000      0.002157000 
1       -8.699295000      0.877644000      0.051694000 
1       -8.095951000     -1.527666000     -0.019496000 
1        4.997920000      4.407974000     -0.059005000 
1        6.713571000      2.627481000     -0.006915000 
6        3.260123000     -2.511615000      0.025606000 
6        4.614465000     -2.866021000      0.038993000 
6        5.642180000     -1.900870000      0.041515000 
6        0.876687000     -3.117932000      0.000195000 
6        2.219168000     -3.477266000      0.015304000 
6       -1.503384000     -3.729601000     -0.032645000 
6       -2.567922000     -4.708021000     -0.053234000 
6       -3.872368000     -4.339125000     -0.062396000 
6       -0.173591000     -4.087919000     -0.017906000 
1        4.884062000     -3.920521000      0.045681000 
1        2.487447000     -4.532185000      0.016893000 
1       -2.292670000     -5.760666000     -0.060904000 
1        0.097110000     -5.142490000     -0.020684000 
6        7.662992000      0.090443000      0.036075000 
6        7.997812000     -1.268089000      0.051633000 
6        7.018417000     -2.249618000      0.053694000 
1       -6.371332000     -3.313504000     -0.060424000 
1       -4.658576000     -5.091082000     -0.077129000 
1        8.444202000      0.846989000      0.032565000 
 103 
 
1        9.046710000     -1.558024000      0.061029000 
1        7.292485000     -3.302102000      0.064049000 
15-ring GOO- 
6        1.896931000      3.195334000     -0.000174000 
6        2.189521000      1.787669000     -0.000020000 
6        1.111917000      0.848977000     -0.000141000 
6       -0.231460000      1.306981000     -0.000105000 
6       -0.498566000      2.709369000     -0.000315000 
6        0.568138000      3.615655000     -0.000325000 
6       -1.873377000      3.221203000     -0.000154000 
6       -2.958930000      2.200677000     -0.000125000 
6       -2.647712000      0.796324000     -0.000142000 
6       -1.304763000      0.351924000     -0.000302000 
6       -3.713979000     -0.148914000     -0.000091000 
6       -5.063039000      0.294511000      0.000105000 
6       -5.355038000      1.697304000      0.000126000 
6       -4.271522000      2.618171000      0.000049000 
6       -1.013433000     -1.045241000     -0.000036000 
6       -2.088120000     -1.989741000     -0.000204000 
6       -3.421949000     -1.549437000     -0.000160000 
6        1.399974000     -0.558193000      0.000190000 
6        0.327770000     -1.496092000     -0.000004000 
6        2.743195000     -1.008062000      0.000117000 
6        3.817298000     -0.065954000      0.000140000 
6        3.529827000      1.334419000      0.000059000 
8       -2.138048000      4.434279000     -0.000098000 
1        0.326357000      4.675224000     -0.000421000 
1       -4.463424000      3.687731000      0.000129000 
6       -6.135281000     -0.658892000      0.000233000 
6       -5.815989000     -2.049542000     -0.000026000 
6       -4.511656000     -2.500814000     -0.000206000 
6       -6.703443000      2.115159000      0.000383000 
6       -7.735617000      1.183319000      0.000551000 
6       -7.459824000     -0.186536000      0.000464000 
6        2.999519000      4.117253000     -0.000150000 
6        4.289144000      3.683745000     -0.000038000 
6        4.617236000      2.278631000      0.000090000 
6        5.925457000      1.819728000      0.000109000 
6        6.244560000      0.434472000      0.000042000 
6        5.165964000     -0.518816000      0.000164000 
1       -8.768967000      1.522604000      0.000505000 
1       -8.275566000     -0.906511000      0.000388000 
1        5.109776000      4.398822000      0.000127000 
 104 
 
1        6.741757000      2.540561000      0.000050000 
1        2.775598000      5.182298000     -0.000078000 
1       -6.922710000      3.180250000      0.000253000 
6        3.038891000     -2.423921000      0.000140000 
6        4.373769000     -2.844683000      0.000098000 
6        5.451034000     -1.933303000      0.000119000 
6       -4.179853000     -3.908886000     -0.000432000 
6       -1.784770000     -3.405545000     -0.000191000 
6       -2.891990000     -4.334264000     -0.000365000 
6        0.624002000     -2.906006000      0.000104000 
6        1.948461000     -3.333377000      0.000190000 
6       -0.471330000     -3.823757000      0.000003000 
1        4.589515000     -3.911764000      0.000105000 
1       -2.664063000     -5.398443000     -0.000321000 
1        2.161137000     -4.401182000      0.000155000 
1       -0.251428000     -4.890485000     -0.000041000 
6        7.573912000     -0.040429000      0.000026000 
6        7.834890000     -1.411314000      0.000181000 
6        6.807939000     -2.346947000      0.000099000 
1       -6.632082000     -2.770301000     -0.000054000 
1       -4.998323000     -4.625987000     -0.000482000 
1        8.391244000      0.677234000     -0.000067000 
1        8.868311000     -1.755564000      0.000094000 
1        7.031007000     -3.411683000     -0.000016000 
15-ring GOCOOH 
6       -5.301672000      1.155211000     -0.057757000 
6       -4.935983000     -0.227758000     -0.037226000 
6       -3.565900000     -0.587114000     -0.012545000 
6       -2.556420000      0.421033000     -0.001853000 
6       -2.929989000      1.819059000      0.004477000 
6       -4.292948000      2.137455000     -0.040963000 
6       -1.889628000      2.813761000      0.007042000 
6       -0.530887000      2.446440000     -0.032900000 
6       -0.171885000      1.042856000     -0.014450000 
6       -1.189891000      0.044839000     -0.000398000 
6        1.190217000      0.656493000     -0.013728000 
6        2.224229000      1.640004000     -0.025718000 
6        1.859920000      3.035559000     -0.043526000 
6        0.533601000      3.403174000     -0.044745000 
6       -0.829690000     -1.344951000      0.010293000 
6        0.530754000     -1.724360000      0.014588000 
6        1.548312000     -0.731377000      0.004689000 
6       -3.200468000     -1.972672000     -0.001978000 
 105 
 
6       -1.849503000     -2.345710000      0.012747000 
6       -4.236842000     -2.982745000     -0.006505000 
6       -5.561664000     -2.605539000     -0.028159000 
6       -5.954984000     -1.235193000     -0.047758000 
6       -2.229996000      4.265982000      0.039591000 
1       -4.602035000      3.174289000     -0.048349000 
1        0.286931000      4.455940000     -0.077424000 
8       -1.729457000      5.135152000     -0.649294000 
8       -3.168479000      4.581562000      0.975309000 
6        3.575640000      1.260801000     -0.021585000 
6        3.933100000     -0.124148000     -0.002853000 
6        2.912859000     -1.113362000      0.009053000 
6       -6.678369000      1.497535000     -0.093636000 
6       -7.653430000      0.513675000     -0.103207000 
6       -7.301638000     -0.841941000     -0.079604000 
1       -6.956855000      2.547989000     -0.110609000 
6        2.920278000      4.018938000     -0.058633000 
6        4.225216000      3.653828000     -0.053929000 
6        4.618100000      2.262407000     -0.034263000 
1        2.639708000      5.068903000     -0.075590000 
6        5.297566000     -0.506203000      0.002644000 
6        6.322500000      0.494242000     -0.009753000 
6        5.940027000      1.869325000     -0.028246000 
1       -8.702988000      0.793995000     -0.128955000 
1       -8.075482000     -1.605272000     -0.087470000 
1        5.009689000      4.406461000     -0.065840000 
1        6.722729000      2.624907000     -0.038148000 
6        3.273491000     -2.510764000      0.026182000 
6        4.627789000     -2.864399000      0.031963000 
6        5.652364000     -1.896820000      0.020775000 
6        0.896208000     -3.124401000      0.029200000 
6        2.238321000     -3.480068000      0.035679000 
6       -1.476297000     -3.746215000      0.025787000 
6       -2.532285000     -4.733289000      0.026377000 
6       -3.837338000     -4.372105000      0.010464000 
6       -0.146865000     -4.099361000      0.035356000 
1        4.898626000     -3.917793000      0.045209000 
1        2.509421000     -4.533333000      0.047557000 
1       -2.249181000     -5.782924000      0.038301000 
1        0.129315000     -5.151486000      0.045616000 
6        7.666875000      0.089978000     -0.003394000 
6        8.008885000     -1.268372000      0.014610000 
6        7.027552000     -2.246711000      0.026464000 
1       -6.336359000     -3.369373000     -0.033227000 
1       -4.619568000     -5.127221000      0.009401000 
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1        8.447244000      0.846606000     -0.012770000 
1        9.056725000     -1.555910000      0.019252000 
1        7.301543000     -3.298527000      0.040295000 
1       -3.291355000      5.546905000      0.892631000 
15-ring GOOH 
6       -1.888825000      3.190062000      0.015327000 
6       -2.189691000      1.774208000      0.001574000 
6       -1.116096000      0.831696000      0.000089000 
6        0.224999000      1.275868000      0.002522000 
6        0.509499000      2.689122000      0.016886000 
6       -0.577343000      3.613036000      0.027139000 
6        1.840357000      3.113482000      0.029832000 
6        2.932480000      2.188922000      0.000268000 
6        2.630557000      0.776503000      0.008082000 
6        1.288395000      0.330214000      0.009759000 
6        3.694448000     -0.169506000      0.007421000 
6        5.042311000      0.269949000     -0.009193000 
6        5.336526000      1.673897000     -0.039652000 
6        4.269748000      2.596482000     -0.042061000 
6        0.998073000     -1.071833000      0.010833000 
6        2.069266000     -2.016193000      0.018636000 
6        3.400469000     -1.572625000      0.016324000 
6       -1.405819000     -0.572310000     -0.001353000 
6       -0.341297000     -1.515954000      0.005979000 
6       -2.749797000     -1.016247000     -0.005990000 
6       -3.813486000     -0.072648000     -0.009116000 
6       -3.521502000      1.329774000     -0.003745000 
8        2.058758000      4.460727000      0.054675000 
1       -0.353551000      4.674415000      0.042241000 
1        4.532621000      3.650449000     -0.111640000 
6        6.112362000     -0.684207000     -0.007080000 
6        5.791224000     -2.074795000      0.013232000 
6        4.488643000     -2.525028000      0.022070000 
6        6.693241000      2.085536000     -0.070539000 
6        7.716791000      1.151581000     -0.063597000 
6        7.436900000     -0.220075000     -0.031314000 
6       -2.996991000      4.118023000      0.018439000 
6       -4.282632000      3.688436000      0.008791000 
6       -4.611012000      2.279749000     -0.002049000 
6       -5.912875000      1.824696000     -0.009027000 
6       -6.230773000      0.432866000     -0.015730000 
6       -5.158870000     -0.519236000     -0.014435000 
1        8.750548000      1.486028000     -0.084395000 
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1        8.250260000     -0.941059000     -0.028587000 
1       -5.102181000      4.403039000      0.010282000 
1       -6.730402000      2.542572000     -0.008240000 
1       -2.770983000      5.181486000      0.027815000 
1        6.920384000      3.148391000     -0.097099000 
6       -3.043702000     -2.429661000     -0.006639000 
6       -4.379735000     -2.846208000     -0.013416000 
6       -5.448301000     -1.926806000     -0.017731000 
6        4.159689000     -3.933740000      0.033142000 
6        1.766560000     -3.433804000      0.023525000 
6        2.874463000     -4.362815000      0.033221000 
6       -0.637565000     -2.930426000      0.007543000 
6       -1.962005000     -3.349404000      0.000622000 
6        0.454791000     -3.852276000      0.017820000 
1       -4.601802000     -3.911076000     -0.014926000 
1        2.648419000     -5.426333000      0.039624000 
1       -2.183430000     -4.414431000      0.001754000 
1        0.232371000     -4.917250000      0.020650000 
6       -7.554253000     -0.035787000     -0.022073000 
6       -7.830689000     -1.409000000     -0.026488000 
6       -6.805590000     -2.341091000     -0.024176000 
1        6.606749000     -2.794838000      0.016337000 
1        4.979242000     -4.648218000      0.039415000 
1       -8.369861000      0.682807000     -0.023212000 
1       -8.864075000     -1.745542000     -0.031412000 
1       -7.029435000     -3.404779000     -0.027047000 
1        2.977384000      4.633952000      0.309028000 
20-ring GOCOO- 
6        6.633264000     -1.586688000      0.001035000 
6        5.817091000     -0.407657000      0.013442000 
6        6.426781000      0.887270000      0.065823000 
6        7.837978000      0.975330000      0.103960000 
6        8.623200000     -0.173110000      0.083287000 
6        8.036308000     -1.437969000      0.032157000 
6        6.002684000     -2.857167000     -0.033373000 
6        4.618911000     -2.990630000     -0.044637000 
6        3.792822000     -1.805776000     -0.032776000 
6        4.403894000     -0.515691000     -0.011657000 
6        5.607875000      2.040580000      0.085744000 
6        4.215086000      1.964616000      0.029882000 
6        3.595818000      0.660676000     -0.005466000 
6        2.387525000     -1.922908000     -0.034106000 
6        1.768099000     -3.215273000     -0.041505000 
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6        2.603388000     -4.398441000     -0.057049000 
6        3.974097000     -4.267851000     -0.061028000 
6        2.188223000      0.543048000     -0.015310000 
6        1.379204000      1.721419000     -0.014932000 
6        1.999209000      3.023387000     -0.032224000 
6        3.402077000      3.155613000      0.002254000 
6        1.575473000     -0.747626000     -0.021649000 
6        1.948527000     -5.688726000     -0.064116000 
6        0.597670000     -5.799883000     -0.052031000 
6       -0.258989000     -4.634496000     -0.033543000 
6        0.372457000     -3.330254000     -0.031179000 
6        0.164951000     -0.865252000     -0.015958000 
6       -0.448761000     -2.156661000     -0.016251000 
6       -0.029792000      1.600235000     -0.015140000 
6       -0.645764000      0.307495000     -0.007723000 
6        1.149733000      4.169654000     -0.076111000 
6       -0.226164000      4.068499000     -0.060486000 
6       -0.854687000      2.769215000     -0.025334000 
6       -1.853502000     -2.271468000     -0.003923000 
6       -2.477174000     -3.574570000     -0.001487000 
6       -1.632602000     -4.729336000     -0.017770000 
6       -2.056957000      0.190709000     -0.000335000 
6       -2.873768000      1.363653000      0.000490000 
6       -2.254634000      2.653625000     -0.017270000 
6       -2.669978000     -1.101894000      0.006284000 
6       -1.080875000      5.232508000     -0.086605000 
6       -2.432940000      5.123137000     -0.067186000 
6       -3.089527000      3.834862000     -0.030745000 
6       -3.862706000     -3.667779000      0.015377000 
6       -4.700295000     -2.518816000      0.027258000 
6       -4.080002000     -1.216385000      0.019600000 
6       -4.282032000      1.245216000      0.011967000 
6       -4.894593000     -0.046130000      0.024812000 
6       -4.462619000      3.702561000     -0.014391000 
6       -5.109280000      2.428415000      0.009505000 
6       -6.310272000     -0.163993000      0.039939000 
6       -6.923934000     -1.465290000      0.051720000 
6       -6.095290000     -2.609792000      0.044300000 
6       -6.494915000      2.287464000      0.026250000 
6       -7.126607000      1.019066000      0.042737000 
6       -8.337898000     -1.551722000      0.068938000 
6       -9.115553000     -0.398791000      0.073251000 
6       -8.532127000      0.867612000      0.060129000 
1        8.298979000      1.958354000      0.148531000 
1        9.706514000     -0.085057000      0.109986000 
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1        8.659701000     -2.329197000      0.020724000 
1        6.624057000     -3.750672000     -0.042148000 
1        6.062031000      3.020826000      0.184589000 
1        4.597429000     -5.160188000     -0.071337000 
6        4.073655000      4.544903000      0.015934000 
1        2.575089000     -6.577985000     -0.077450000 
1        0.125239000     -6.779848000     -0.055851000 
1        1.626702000      5.140747000     -0.154943000 
1       -2.101441000     -5.711811000     -0.018327000 
1       -0.604619000      6.209433000     -0.118534000 
1       -3.058611000      6.013004000     -0.082806000 
1       -4.329232000     -4.651188000      0.018403000 
1       -5.084648000      4.595761000     -0.023426000 
1       -6.560534000     -3.593709000      0.051087000 
1       -7.117762000      3.179919000      0.025115000 
1       -8.805455000     -2.533367000      0.078333000 
1      -10.200164000     -0.485613000      0.086559000 
1       -9.156252000      1.758106000      0.062762000 
8        4.807174000      4.751488000      1.009502000 
8        3.799378000      5.274263000     -0.961743000 
20-ring GOO- 
6       -6.888288000      0.933144000      0.000043000 
6       -5.996825000     -0.192357000     -0.000087000 
6       -6.524910000     -1.523095000     -0.000244000 
6       -7.922129000     -1.706991000     -0.000288000 
6       -8.781879000     -0.609274000     -0.000171000 
6       -8.279951000      0.689559000      0.000016000 
6       -6.342165000      2.241837000      0.000148000 
6       -4.969538000      2.467709000      0.000139000 
6       -4.065713000      1.340285000      0.000087000 
6       -4.590245000      0.013621000     -0.000062000 
6       -5.613611000     -2.617869000     -0.000276000 
6       -4.250477000     -2.432036000     -0.000200000 
6       -3.702197000     -1.103258000     -0.000055000 
6       -2.669274000      1.546944000     -0.000014000 
6       -2.136679000      2.877329000      0.000139000 
6       -3.048542000      4.002129000      0.000165000 
6       -4.408696000      3.783138000      0.000186000 
6       -2.303410000     -0.897497000     -0.000103000 
6       -1.408553000     -2.025657000      0.000089000 
6       -1.911491000     -3.358627000      0.000014000 
6       -3.355931000     -3.624999000     -0.000231000 
6       -1.778789000      0.426404000      0.000171000 
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6       -2.480802000      5.332919000      0.000168000 
6       -1.140045000      5.533470000      0.000121000 
6       -0.208641000      4.427829000      0.000056000 
6       -0.750566000      3.084139000      0.000016000 
6       -0.375036000      0.640375000     -0.000130000 
6        0.148196000      1.967886000      0.000147000 
6       -0.007715000     -1.806120000      0.000011000 
6        0.517165000     -0.473486000      0.000216000 
6       -1.017681000     -4.436371000      0.000132000 
6        0.364029000     -4.251782000      0.000263000 
6        0.894201000     -2.916718000      0.000215000 
6        1.543572000      2.179254000     -0.000073000 
6        2.075529000      3.519984000     -0.000023000 
6        1.156392000      4.614362000      0.000017000 
6        1.918004000     -0.260855000     -0.000094000 
6        2.817219000     -1.375495000      0.000156000 
6        2.290970000     -2.701835000      0.000127000 
6        2.441202000      1.070910000      0.000086000 
6        1.292301000     -5.350437000      0.000361000 
6        2.637260000     -5.145716000      0.000335000 
6        3.203176000     -3.818253000      0.000205000 
6        3.452850000      3.709395000     -0.000070000 
6        4.369530000      2.624246000     -0.000091000 
6        3.840225000      1.283094000     -0.000098000 
6        4.217042000     -1.158183000     -0.000013000 
6        4.737894000      0.173446000     -0.000019000 
6        4.569373000     -3.590993000      0.000163000 
6        5.127335000     -2.279575000      0.000054000 
6        6.143665000      0.392032000     -0.000102000 
6        6.666756000      1.736568000     -0.000163000 
6        5.754672000      2.816328000     -0.000148000 
6        6.503201000     -2.039143000     -0.000022000 
6        7.043810000     -0.733259000     -0.000103000 
6        8.069649000      1.925752000     -0.000229000 
6        8.925105000      0.827389000     -0.000235000 
6        8.437885000     -0.476508000     -0.000179000 
1       -8.320150000     -2.718630000     -0.000484000 
1       -9.857730000     -0.768612000     -0.000179000 
1       -8.960691000      1.538084000      0.000134000 
1       -7.021222000      3.092436000      0.000293000 
1       -5.987875000     -3.637962000     -0.000311000 
1       -5.087991000      4.633844000      0.000285000 
8       -3.823481000     -4.773155000     -0.000404000 
1       -3.165216000      6.178718000      0.000240000 
1       -0.733309000      6.542704000      0.000109000 
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1       -1.438522000     -5.438220000      0.000081000 
1        1.557563000      5.626640000     -0.000012000 
1        0.888472000     -6.360865000      0.000530000 
1        3.321669000     -5.991841000      0.000379000 
1        3.848106000      4.723944000     -0.000110000 
1        5.249345000     -4.441328000      0.000149000 
1        6.146023000      3.832212000     -0.000202000 
1        7.186308000     -2.886656000     -0.000045000 
1        8.465648000      2.938469000     -0.000283000 
1       10.001721000      0.991343000     -0.000286000 
1        9.125131000     -1.319577000     -0.000191000 
Uncomplexed U (Optimized at B3LYP/CRENBL/6-311+G(d,p) level of theory) 
92       0.000182000     -0.000072000      0.000035000 
8        0.000847000      0.000426000      1.726263000 
8       -0.000360000     -0.000952000     -1.726198000 
8       -2.011593000     -1.531348000      0.000166000 
8       -2.078852000      1.438831000      0.000649000 
8        2.527678000      0.057891000      0.000186000 
8        0.725470000      2.421843000     -0.000919000 
8        0.835154000     -2.386130000     -0.000324000 
1        1.345520000     -2.820587000     -0.699827000 
1        0.707373000     -3.044071000      0.699213000 
1       -2.265993000     -2.152857000     -0.698054000 
1       -2.677993000     -1.611022000      0.698819000 
1       -2.359834000      2.049381000      0.698358000 
1       -2.749293000      1.487344000     -0.696979000 
1        1.217740000      2.879246000      0.696932000 
1        0.566533000      3.072894000     -0.700508000 
1        3.113875000     -0.266393000      0.700013000 
1        3.098584000      0.408178000     -0.699741000 
Uncomplexed U (Optimized at B3LYP/ECP60MWB-SEG/6-31G(d) level of theory) 
92       0.000151000     -0.000271000      0.000016000 
8        0.000728000     -0.000955000      1.746921000 
8       -0.000203000     -0.000448000     -1.746854000 
8        1.263555000     -2.138716000     -0.001042000 
8       -1.644959000     -1.861480000      0.000687000 
8        0.233326000      2.472552000      0.000149000 
8       -2.278636000      0.988719000     -0.000621000 
8        2.424606000      0.542883000      0.000111000 
1        2.937090000      0.908096000     -0.744798000 
1        3.043036000      0.432241000      0.745882000 
1        1.770735000     -2.511982000     -0.745582000 
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1        1.348367000     -2.762020000      0.744063000 
1       -2.210578000     -2.135017000      0.746415000 
1       -1.841673000     -2.460932000     -0.742839000 
1       -2.713527000      1.442492000      0.744925000 
1       -2.908734000      0.992410000     -0.744824000 
1        0.531554000      3.026753000      0.744982000 
1        0.042482000      3.072463000     -0.744544000 
Uncomplexed Np (Optimized at B3LYP/ECP60MWB-SEG/6-31G(d) level of theory) 
93      -0.000283000      0.000101000      0.000011000 
8       -0.000765000      0.000082000      1.780973000 
8       -0.000379000      0.000468000     -1.780953000 
8        0.225641000      2.555900000      0.000214000 
8        2.500286000      0.575237000      0.000427000 
8       -1.682938000     -1.936494000     -0.000140000 
8        1.322004000     -2.198943000     -0.000307000 
8       -2.361601000      1.002436000     -0.000307000 
1       -2.908288000      0.796334000     -0.777100000 
1       -2.908685000      0.796261000      0.776186000 
1       -0.139009000      3.012641000     -0.776432000 
1       -0.139149000      3.012613000      0.776811000 
1        2.820610000      1.064000000      0.777135000 
1        2.820841000      1.064253000     -0.776026000 
1        1.886152000     -2.352329000      0.776205000 
1        1.886049000     -2.352020000     -0.776956000 
1       -1.655248000     -2.520173000      0.776594000 
1       -1.654973000     -2.520478000     -0.776635000 
Uncomplexed Pu (Optimized at B3LYP/ECP60MWB-SEG/6-31G(d) level of theory) 
94       0.000321000     -0.000304000      0.000012000 
8        0.000738000     -0.000238000      1.709921000 
8       -0.000269000     -0.000017000     -1.709886000 
8        1.247014000     -2.110933000     -0.000958000 
8       -1.622901000     -1.837566000      0.000581000 
8        0.230243000      2.440923000      0.000256000 
8       -2.249243000      0.975666000     -0.000500000 
8        2.392852000      0.535294000      0.000261000 
1        2.904941000      0.898959000     -0.745312000 
1        3.010661000      0.425945000      0.746398000 
1        1.752445000     -2.484407000     -0.746210000 
1        1.332893000     -2.732947000      0.744744000 
1       -2.187261000     -2.111428000      0.746802000 
1       -1.820969000     -2.435426000     -0.743530000 
1       -2.684166000      1.428147000      0.745422000 
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1       -2.878116000      0.980399000     -0.745358000 
1        0.527229000      2.994714000      0.745511000 
1        0.040908000      3.040006000     -0.745108000 
Uncomplexed Eu (Optimized at B3LYP/ Stuttgart RSC 1997/6-31G(d) level of theory) 
8       -0.739384000      0.536099000     -0.116483000 
63       1.204782000      1.210032000      1.232749000 
8        1.903359000     -0.695997000     -0.157330000 
8        0.493298000      3.177563000     -0.062160000 
8        3.135754000      1.945847000     -0.102996000 
8        0.266581000     -0.658272000      2.512363000 
8        3.048930000      0.236220000      2.520698000 
8       -0.626493000      2.124202000      2.581306000 
8        2.156306000      3.017760000      2.587439000 
1       -1.677252000      0.776955000      0.008373000 
1       -0.721738000     -0.066341000     -0.884392000 
1        1.660272000     -1.636863000     -0.063108000 
1        2.519644000     -0.657191000     -0.913380000 
1       -0.130324000      3.172931000     -0.813155000 
1        0.737367000      4.113261000      0.072351000 
1        3.110410000      2.582700000     -0.842387000 
1        4.074768000      1.699642000      0.001095000 
1       -0.584201000     -1.114915000      2.368763000 
1        0.684906000     -1.110780000      3.269653000 
1        3.508109000     -0.610621000      2.362601000 
1        3.487811000      0.633982000      3.296851000 
1       -1.058071000      1.691843000      3.342920000 
1       -1.086795000      2.977315000      2.466002000 
1        1.745809000      3.435814000      3.368446000 
1        3.005757000      3.480460000      2.455862000 
U Complexed with one GO sheet (Optimized at B3LYP/CRENBL/6-31G(d) level of theory) 
U on three-ring GOCOO-, CN = 5 
6        4.920849000      0.000276000      0.000113000 
6        4.246763000      1.224936000     -0.052468000 
6        2.803214000      1.242920000     -0.044363000 
6        2.104498000      0.000082000     -0.000050000 
6        2.803380000     -1.242657000      0.044337000 
6        4.246924000     -1.224477000      0.052615000 
6        4.973833000     -2.450549000      0.124184000 
6        4.319824000     -3.653592000      0.200462000 
6        2.901395000     -3.677560000      0.214916000 
6        2.165963000     -2.516910000      0.139724000 
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6        2.165637000      2.517089000     -0.139810000 
6        2.900921000      3.677838000     -0.214911000 
6        4.319351000      3.654062000     -0.200296000 
6        4.973514000      2.451108000     -0.123945000 
1        6.008606000      0.000350000      0.000180000 
1        6.059584000     -2.407247000      0.124484000 
1        4.878122000     -4.582768000      0.258066000 
1        2.385961000     -4.630826000      0.289963000 
1        1.085431000     -2.572406000      0.151880000 
1        1.085100000      2.572441000     -0.152083000 
1        2.385367000      4.631036000     -0.290010000 
1        4.877530000      4.583314000     -0.257827000 
1        6.059271000      2.407952000     -0.124115000 
6        0.627176000     -0.000025000     -0.000122000 
8       -0.047713000     -0.800455000     -0.745346000 
8       -0.047902000      0.800308000      0.745039000 
92      -2.177896000     -0.000230000     -0.000245000 
8       -2.286379000     -1.323923000      1.144770000 
8       -2.286455000      1.323439000     -1.145278000 
8       -2.630658000     -1.544712000     -1.983311000 
8       -2.631126000      1.544192000      1.982743000 
8       -4.737012000     -0.000484000     -0.000434000 
1       -2.246857000     -2.437950000     -1.956372000 
1       -2.427321000     -1.192053000     -2.866522000 
1       -5.312740000     -0.606351000      0.493981000 
1       -5.312774000      0.605101000     -0.495155000 
1       -2.428042000      1.191558000      2.866021000 
1       -2.247385000      2.437459000      1.955907000 
U on three-ring GOO-, CN = 5 
6       -1.672346000      0.809106000      0.497786000 
6       -0.931373000     -0.396999000      0.421681000 
6        0.423236000     -0.361304000      0.188347000 
6        1.106200000      0.881024000      0.030202000 
6        0.350123000      2.102678000      0.120463000 
6       -1.047166000      2.029819000      0.343930000 
6        1.023319000      3.355744000     -0.051604000 
6        2.443468000      3.387899000     -0.248767000 
6        3.167309000      2.151639000     -0.366710000 
6        2.485158000      0.931071000     -0.227623000 
6        4.572307000      2.201291000     -0.608513000 
6        5.235553000      3.402646000     -0.704380000 
6        4.528221000      4.619021000     -0.530645000 
6        3.165123000      4.611614000     -0.301969000 
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1       -2.743154000      0.768849000      0.674457000 
1       -1.439478000     -1.348798000      0.542791000 
1        0.996233000     -1.281958000      0.119301000 
1       -1.624008000      2.947287000      0.387410000 
8        0.344982000      4.475076000     -0.048447000 
1        3.042078000      0.001363000     -0.312765000 
1        5.114783000      1.264853000     -0.707471000 
1        6.305546000      3.423238000     -0.886464000 
1        5.068935000      5.560993000     -0.550291000 
1        2.645254000      5.540151000     -0.080461000 
92      -0.571138000      6.372462000     -0.799761000 
8        0.430254000      7.444557000      0.190275000 
8       -1.633379000      5.518595000     -1.926423000 
8       -2.629494000      7.906492000     -0.283342000 
8        1.289030000      5.870404000     -2.567403000 
8       -0.488108000      8.381294000     -2.471702000 
1       -2.507730000      8.870156000     -0.278164000 
1       -3.443063000      7.736160000     -0.786679000 
1        0.310370000      8.932985000     -2.421495000 
1       -0.661748000      8.241094000     -3.417090000 
1        2.120950000      5.516473000     -2.197034000 
1        0.975058000      5.195330000     -3.192882000 
8       -1.891730000      5.626709000      1.309467000 
1       -2.262865000      6.305389000      1.896181000 
1       -1.369113000      5.024806000      1.864520000 
U Complexed with two GO sheets (Optimized at B3LYP/CRENBL/6-31G(d) level of theory) 
U on three-ring GOCOO-, CN = 6 
6        7.166081000      0.352644000      0.078484000 
6        6.380472000      1.283681000      0.764342000 
6        4.942689000      1.140998000      0.757830000 
6        4.363977000      0.065879000      0.039620000 
6        5.166728000     -0.863404000     -0.666590000 
6        6.603716000     -0.712927000     -0.630629000 
6        7.425842000     -1.658896000     -1.319440000 
6        6.872135000     -2.705996000     -2.004897000 
6        5.457197000     -2.864211000     -2.035390000 
6        4.632356000     -1.977873000     -1.392152000 
6        4.174195000      2.132451000      1.450717000 
6        4.782836000      3.170743000      2.107299000 
6        6.201155000      3.296980000      2.124782000 
6        6.974136000      2.377805000      1.468658000 
1        8.248698000      0.461965000      0.095425000 
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1        8.504465000     -1.526599000     -1.281355000 
1        7.505353000     -3.420405000     -2.523665000 
1        5.025584000     -3.701347000     -2.577239000 
1        3.558499000     -2.112500000     -1.436330000 
1        3.093869000      2.054003000      1.450765000 
1        4.175319000      3.911240000      2.620712000 
1        6.661964000      4.126273000      2.654251000 
1        8.058083000      2.464159000      1.464741000 
6        2.875747000     -0.091526000      0.029464000 
8        2.242158000     -0.194997000     -1.071909000 
8        2.220148000     -0.121353000      1.123510000 
92       0.000121000     -0.285135000     -0.000084000 
8        0.000097000     -2.036830000      0.000026000 
8        0.000154000      1.474077000     -0.000136000 
6       -7.166040000      0.352859000     -0.078406000 
6       -6.603800000     -0.712650000      0.630889000 
6       -5.166827000     -0.863298000      0.666859000 
6       -4.363968000      0.065776000     -0.039515000 
6       -4.942564000      1.140870000     -0.757884000 
6       -6.380331000      1.283702000     -0.764419000 
6       -6.973897000      2.377767000     -1.468902000 
6       -6.200831000      3.296781000     -2.125156000 
6       -4.782528000      3.170425000     -2.107621000 
6       -4.173982000      2.132169000     -1.450885000 
6       -4.632600000     -1.977732000      1.392587000 
6       -5.457554000     -2.863846000      2.035987000 
6       -6.872471000     -2.705447000      2.005500000 
6       -7.426046000     -1.658392000      1.319871000 
1       -8.248645000      0.462295000     -0.095376000 
1       -8.057836000      2.464216000     -1.465004000 
1       -6.661562000      4.126033000     -2.654756000 
1       -4.174931000      3.910804000     -2.621109000 
1       -3.093662000      2.053667000     -1.450893000 
1       -3.558764000     -2.112509000      1.436756000 
1       -5.026045000     -3.700953000      2.577963000 
1       -7.505773000     -3.419683000      2.524402000 
1       -8.504651000     -1.525956000      1.281773000 
6       -2.875786000     -0.091819000     -0.029385000 
8       -2.220140000     -0.121587000     -1.123420000 
8       -2.242112000     -0.195513000      1.071915000 
8        0.008232000     -0.295376000     -2.570216000 
1       -0.824853000      0.098863000     -2.878279000 
1        0.752410000      0.221234000     -2.919433000 
8       -0.009338000     -0.294197000      2.569941000 
1        0.822560000      0.101351000      2.879432000 
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1       -0.755006000      0.221351000      2.917603000 
U on three-ring GOCOO-, CN = 5 
6        7.090705000      0.157295000      0.516780000 
6        6.298933000      1.113944000      1.158212000 
6        4.863490000      1.072703000      0.996542000 
6        4.297736000      0.069647000      0.168047000 
6        5.110327000     -0.889881000     -0.488701000 
6        6.541213000     -0.841372000     -0.292257000 
6        7.372806000     -1.817419000     -0.925226000 
6        6.833120000     -2.802535000     -1.706731000 
6        5.423120000     -2.862877000     -1.893801000 
6        4.590483000     -1.943102000     -1.309777000 
6        4.094250000      2.085442000      1.656637000 
6        4.699184000      3.050008000      2.420762000 
6        6.112795000      3.078065000      2.586493000 
6        6.887664000      2.134369000      1.968953000 
1        8.170042000      0.191009000      0.651808000 
1        8.446648000     -1.759308000     -0.764654000 
1        7.472437000     -3.541622000     -2.181459000 
1        5.000101000     -3.652225000     -2.509215000 
1        3.522205000     -2.006734000     -1.473754000 
1        3.016613000      2.080625000      1.554355000 
1        4.089674000      3.805515000      2.908981000 
1        6.568903000      3.850585000      3.199270000 
1        7.969452000      2.143394000      2.078374000 
6        2.817763000      0.022165000     -0.016335000 
8        2.303613000     -0.060530000     -1.182843000 
8        2.033250000      0.063413000      0.997641000 
92       0.013591000     -0.055137000     -0.303037000 
8        0.010127000     -1.803580000     -0.189138000 
8        0.004987000      1.696602000     -0.422682000 
6       -7.089594000     -0.055185000      0.515670000 
6       -6.314941000     -1.006899000      1.185044000 
6       -4.878883000     -0.995952000      1.023179000 
6       -4.295928000     -0.027475000      0.167648000 
6       -5.089567000      0.930056000     -0.511882000 
6       -6.521212000      0.912224000     -0.318284000 
6       -7.332132000      1.887194000     -0.979160000 
6       -6.771890000      2.843328000     -1.782116000 
6       -5.360036000      2.875592000     -1.963604000 
6       -4.547483000      1.954696000     -1.354013000 
6       -4.125518000     -2.001042000      1.712388000 
6       -4.746338000     -2.932308000      2.504308000 
 118 
 
6       -6.160482000     -2.931552000      2.669566000 
6       -6.920181000     -1.993745000      2.024706000 
1       -8.169540000     -0.066818000      0.649141000 
1       -8.407481000      1.852982000     -0.821976000 
1       -7.396139000      3.581895000     -2.277150000 
1       -4.921073000      3.644908000     -2.593207000 
1       -3.476156000      1.998226000     -1.507363000 
1       -3.047708000     -2.017076000      1.609890000 
1       -4.149825000     -3.683214000      3.014995000 
1       -6.629320000     -3.678127000      3.304458000 
1       -8.001891000     -1.981961000      2.134415000 
6       -2.815483000     -0.020349000     -0.026030000 
8       -2.309164000     -0.032151000     -1.199247000 
8       -2.028515000     -0.008705000      0.983020000 
8       -0.140873000     -0.175058000     -2.855353000 
1       -1.076970000      0.012436000     -3.048036000 
1        0.398691000      0.467967000     -3.342770000 
U on three-ring GOCOO-, CN = 4 
6        7.102498000      0.000050000      0.000008000 
6        6.427366000     -0.892337000     -0.837019000 
6        4.982395000     -0.897109000     -0.854117000 
6        4.286251000      0.000026000     -0.000054000 
6        4.982342000      0.897173000      0.854040000 
6        6.427314000      0.892425000      0.837006000 
6        7.148045000      1.802492000      1.671865000 
6        6.489880000      2.688113000      2.480807000 
6        5.067019000      2.710075000      2.489582000 
6        4.338217000      1.850019000      1.708393000 
6        4.338323000     -1.849965000     -1.708499000 
6        5.067173000     -2.710009000     -2.489656000 
6        6.490033000     -2.688024000     -2.480819000 
6        7.148148000     -1.802393000     -1.671847000 
1        8.190720000      0.000059000      0.000032000 
1        8.234568000      1.775177000      1.642990000 
1        7.044664000      3.377437000      3.110999000 
1        4.548642000      3.421711000      3.126360000 
1        3.257322000      1.885743000      1.741229000 
1        3.257430000     -1.885706000     -1.741382000 
1        4.548835000     -3.421652000     -3.126457000 
1        7.044856000     -3.377339000     -3.110986000 
1        8.234669000     -1.775059000     -1.642926000 
6        2.797963000      0.000013000     -0.000091000 
8        2.138085000      0.010421000      1.100484000 
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8        2.138143000     -0.010416000     -1.100697000 
92       0.000000000     -0.000020000     -0.000143000 
8       -0.000018000      1.751439000     -0.000129000 
8        0.000016000     -1.751478000     -0.000186000 
6       -7.102498000      0.000007000      0.000308000 
6       -6.427386000      0.892419000     -0.836709000 
6       -4.982417000      0.897163000     -0.853873000 
6       -4.286252000     -0.000025000      0.000118000 
6       -4.982322000     -0.897198000      0.854202000 
6       -6.427294000     -0.892421000      0.837233000 
6       -7.148004000     -1.802513000      1.672083000 
6       -6.489818000     -2.688183000      2.480956000 
6       -5.066957000     -2.710172000      2.489666000 
6       -4.338175000     -1.850094000      1.708483000 
6       -4.338363000      1.850044000     -1.708241000 
6       -5.067231000      2.710139000     -2.489325000 
6       -6.490091000      2.688184000     -2.480422000 
6       -7.148188000      1.802529000     -1.671461000 
1       -8.190721000      0.000019000      0.000381000 
1       -8.234527000     -1.775177000      1.643260000 
1       -7.044586000     -3.377525000      3.111141000 
1       -4.548565000     -3.421846000      3.126389000 
1       -3.257279000     -1.885840000      1.741268000 
1       -3.257471000      1.885762000     -1.741172000 
1       -4.548908000      3.421801000     -3.126117000 
1       -7.044929000      3.377539000     -3.110531000 
1       -8.234709000      1.775217000     -1.642492000 
6       -2.797963000     -0.000037000      0.000018000 
8       -2.138042000     -0.010498000      1.100566000 
8       -2.138188000      0.010424000     -1.100614000 
U on three-ring GOO-, CN = 5 
6       -3.769545000      3.879820000     -0.129224000 
6       -5.089163000      3.954285000     -0.657250000 
6       -5.828723000      2.813955000     -0.838448000 
6       -5.302439000      1.527739000     -0.500271000 
6       -3.968296000      1.458602000      0.045062000 
6       -3.226732000      2.665134000      0.210221000 
6       -3.416659000      0.194942000      0.402462000 
6       -4.192093000     -0.987605000      0.215996000 
6       -5.514263000     -0.898252000     -0.357068000 
6       -6.042105000      0.352972000     -0.697291000 
6       -6.244572000     -2.111863000     -0.559980000 
6       -5.716260000     -3.331602000     -0.221173000 
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6       -4.421402000     -3.415130000      0.364086000 
6       -3.684620000     -2.273927000      0.583791000 
1       -3.190798000      4.790102000      0.000859000 
1       -5.507563000      4.922353000     -0.920333000 
1       -6.835920000      2.867615000     -1.245256000 
1       -2.216525000      2.603285000      0.598900000 
8       -2.188277000      0.101370000      0.895172000 
1       -7.041412000      0.414916000     -1.121893000 
1       -7.239195000     -2.045654000     -0.995205000 
1       -6.289713000     -4.239591000     -0.387641000 
1       -4.024221000     -4.383550000      0.656157000 
1       -2.715564000     -2.329302000      1.071742000 
92       0.012893000     -0.280556000      0.227747000 
8       -0.003214000     -1.811596000      1.125877000 
8       -0.044089000      1.175510000     -0.765953000 
8       -1.491652000     -1.445863000     -1.602943000 
8        1.298275000     -1.526834000     -1.675280000 
1        2.186026000     -1.825742000     -1.401204000 
1        0.807627000     -2.312323000     -1.965177000 
1       -2.293373000     -1.810530000     -1.174565000 
1       -1.818957000     -0.764393000     -2.213914000 
8       -0.270159000      0.984446000      2.493807000 
1        0.022800000      0.462734000      3.258274000 
1       -1.241743000      0.862972000      2.421174000 
6        4.486255000     -3.444746000      0.061055000 
6        5.807316000     -3.308641000     -0.449771000 
6        6.339538000     -2.062647000     -0.665761000 
6        5.585229000     -0.874868000     -0.409527000 
6        4.233000000     -1.017467000      0.071343000 
6        3.722971000     -2.328892000      0.319026000 
6        3.436805000      0.144869000      0.290758000 
6        4.000691000      1.438061000      0.099469000 
6        5.365486000      1.556632000     -0.350622000 
6        6.121258000      0.403821000     -0.608049000 
6        5.906273000      2.867462000     -0.533484000 
6        5.151222000      3.985989000     -0.289264000 
6        3.803897000      3.862257000      0.151159000 
6        3.244735000      2.621417000      0.337498000 
1        4.089903000     -4.435147000      0.269083000 
1        6.399106000     -4.197332000     -0.652199000 
1        7.355736000     -1.955764000     -1.038316000 
1        2.737781000     -2.426328000      0.765949000 
8        2.175462000      0.005812000      0.663912000 
1        7.142847000      0.504449000     -0.967173000 
1        6.935740000      2.958091000     -0.872084000 
 121 
 
1        5.579714000      4.974482000     -0.433076000 
1        3.216493000      4.756889000      0.338638000 
1        2.217416000      2.522265000      0.669364000 
U on three-ring GOO-, CN = 4 
6        3.933586000      3.518877000     -0.682004000 
6        5.110333000      3.694869000      0.096853000 
6        5.660274000      2.631979000      0.766939000 
6        5.070068000      1.331819000      0.702490000 
6        3.874585000      1.159598000     -0.084275000 
6        3.333740000      2.285262000     -0.767547000 
6        3.268960000     -0.127719000     -0.157586000 
6        3.850823000     -1.235778000      0.524351000 
6        5.040883000     -1.035007000      1.312113000 
6        5.621001000      0.238448000      1.384914000 
6        5.597094000     -2.157049000      2.001587000 
6        5.024987000     -3.400461000      1.912768000 
6        3.861041000     -3.598069000      1.119414000 
6        3.293017000     -2.543590000      0.445326000 
1        3.508160000      4.367272000     -1.211013000 
1        5.572450000      4.676627000      0.157389000 
1        6.561032000      2.759936000      1.362594000 
1        2.437467000      2.155334000     -1.364567000 
8        2.171669000     -0.307129000     -0.880130000 
1        6.517901000      0.381486000      1.983250000 
1        6.491519000     -2.001975000      2.600401000 
1        5.462604000     -4.242022000      2.443166000 
1        3.425498000     -4.590552000      1.042298000 
1        2.417311000     -2.701421000     -0.176252000 
92      -0.029430000     -0.280097000     -0.832780000 
8       -0.175838000     -1.236972000     -2.315838000 
8        0.053126000      0.582216000      0.702822000 
8       -0.870084000     -2.248976000      0.584318000 
1       -1.736042000     -2.592391000      0.274696000 
1       -1.007373000     -1.981957000      1.508640000 
8       -0.261368000      1.797222000     -2.400419000 
1       -1.231580000      1.739680000     -2.251041000 
1       -0.121193000      1.553296000     -3.330240000 
6       -4.208385000     -3.187890000     -0.613314000 
6       -5.211264000     -3.290631000      0.394809000 
6       -5.578399000     -2.184254000      1.116148000 
6       -4.953205000     -0.912445000      0.909141000 
6       -3.908177000     -0.820158000     -0.081263000 
6       -3.586598000     -1.982344000     -0.851101000 
 122 
 
6       -3.213825000      0.408427000     -0.269727000 
6       -3.601803000      1.556371000      0.478659000 
6       -4.678110000      1.453012000      1.433778000 
6       -5.320332000      0.223011000      1.639219000 
6       -5.050108000      2.624051000      2.164965000 
6       -4.402873000      3.817481000      1.972802000 
6       -3.335900000      3.913049000      1.036581000 
6       -2.947992000      2.811599000      0.314542000 
1       -3.963381000     -4.056320000     -1.219267000 
1       -5.696926000     -4.246104000      0.573083000 
1       -6.358623000     -2.254896000      1.870590000 
1       -2.869538000     -1.884551000     -1.661970000 
8       -2.208797000      0.462566000     -1.142817000 
1       -6.112512000      0.151052000      2.380680000 
1       -5.863705000      2.546467000      2.882351000 
1       -4.700642000      4.696554000      2.538234000 
1       -2.825840000      4.862227000      0.897953000 
1       -2.129217000      2.884992000     -0.392189000 
U Complexed with one GO sheet (Optimized at B3LYP/ECP60MWB-SEG/6-31G(d) level of theory) 
U on three-ring GOCOO-, CN = 5 
6        4.888515000      0.000284000      0.000017000 
6        4.217344000      1.225400000      0.027181000 
6        2.773330000      1.247029000      0.030142000 
6        2.069876000      0.000094000     -0.000004000 
6        2.773501000     -1.246742000     -0.030114000 
6        4.217510000     -1.224922000     -0.027138000 
6        4.955989000     -2.448066000     -0.037795000 
6        4.314906000     -3.657153000     -0.031678000 
6        2.895722000     -3.688631000     -0.002121000 
6        2.151353000     -2.533138000     -0.000585000 
6        2.151015000      2.533346000      0.000651000 
6        2.895235000      3.688936000      0.002219000 
6        4.314422000      3.657644000      0.031772000 
6        4.955662000      2.448640000      0.037866000 
1        5.976375000      0.000359000      0.000017000 
1        6.041193000     -2.392468000     -0.041976000 
1        4.879024000     -4.584563000     -0.036911000 
1        2.386641000     -4.648164000      0.025384000 
1        1.073366000     -2.602840000      0.027114000 
1        1.073020000      2.602910000     -0.027035000 
1        2.386028000      4.648403000     -0.025253000 
1        4.878420000      4.585126000      0.037026000 
 123 
 
1        6.040873000      2.393185000      0.042051000 
6        0.604684000     -0.000025000     -0.000073000 
8       -0.096430000     -0.867582000     -0.656901000 
8       -0.096656000      0.867415000      0.656672000 
92      -2.169632000     -0.000259000     -0.000245000 
8       -2.291541000     -1.120197000      1.362403000 
8       -2.291556000      1.119659000     -1.362907000 
8       -2.605698000     -1.878120000     -1.622474000 
8       -2.606265000      1.877507000      1.621933000 
8       -4.687384000     -0.000534000     -0.000480000 
1       -2.225768000     -2.740789000     -1.378700000 
1       -2.308917000     -1.703630000     -2.533541000 
1       -5.260072000     -0.512521000      0.594574000 
1       -5.260064000      0.511358000     -0.595624000 
1       -2.309575000      1.703072000      2.533040000 
1       -2.226493000      2.740263000      1.378220000 
U on six-ring GOCOO-, CN = 5 
6       -2.838430000      2.467762000      0.034843000 
6       -2.156356000      1.208553000      0.060252000 
6       -0.729964000      1.221465000      0.043658000 
6       -0.013633000      2.452075000      0.021957000 
6       -0.722870000      3.707434000      0.035102000 
6       -2.164096000      3.650017000      0.019055000 
6        0.012384000      4.917763000     -0.006920000 
6        1.457600000      4.913373000     -0.045687000 
6        2.141439000      3.652231000     -0.047301000 
6        1.407861000      2.434524000     -0.016388000 
6        3.575957000      3.610979000     -0.065994000 
6        4.299888000      4.804643000     -0.065021000 
6        3.632198000      6.030155000     -0.029711000 
6        2.246920000      6.088844000     -0.017752000 
6        2.108831000      1.173928000     -0.020303000 
6        3.547979000      1.173163000     -0.054274000 
6        4.245194000      2.335782000     -0.074732000 
6       -0.024864000     -0.023774000      0.043237000 
6        1.387397000     -0.010103000      0.012256000 
6       -0.758071000     -1.234758000      0.071893000 
6       -2.143515000     -1.227530000      0.093161000 
6       -2.840414000     -0.012358000      0.084700000 
1       -3.925566000      2.466236000      0.019914000 
1       -2.724316000      4.573309000     -0.006500000 
1        5.385695000      4.770564000     -0.078423000 
1        4.204328000      6.953462000     -0.006832000 
 124 
 
1        1.766257000      7.056201000      0.015630000 
1        4.061721000      0.215837000     -0.059369000 
1        5.331528000      2.329063000     -0.094948000 
1        1.921605000     -0.957383000      0.012184000 
1       -0.214931000     -2.175941000      0.075836000 
1       -2.691986000     -2.164272000      0.113710000 
1       -3.927294000     -0.010445000      0.095372000 
8       -1.765497000      6.422418000      0.671976000 
6       -0.700170000      6.198053000     -0.027545000 
8       -0.308658000      7.200357000     -0.746051000 
92      -2.019448000      8.642077000     -0.048532000 
8       -1.017825000      9.333404000      1.236511000 
8       -3.139769000      8.174106000     -1.336123000 
8       -3.774053000      8.199868000      1.709442000 
8       -0.642335000      9.841471000     -1.789496000 
8       -3.207210000     10.863581000     -0.075513000 
1       -3.409869000      8.054071000      2.600825000 
1       -4.358343000      7.441279000      1.533503000 
1       -2.991920000     11.635110000      0.474318000 
1       -3.942959000     11.111343000     -0.659627000 
1        0.305717000      9.906448000     -1.577031000 
1       -0.687590000      9.437984000     -2.674827000 
U on ten-ring GOCOO-, CN = 5 
6        0.692168000      4.099331000     -0.248294000 
6       -0.611171000      4.673796000     -0.104336000 
6       -1.734674000      3.822556000     -0.004801000 
6       -1.572469000      2.405349000     -0.023702000 
6       -0.248340000      1.825307000     -0.109433000 
6        0.835987000      2.700301000     -0.252462000 
6       -0.114460000      0.383649000     -0.114268000 
6       -1.270188000     -0.458483000     -0.115349000 
6       -2.581569000      0.152031000     -0.030492000 
6       -2.715229000      1.568886000      0.025681000 
6       -3.743887000     -0.661459000      0.011110000 
6       -3.644886000     -2.073993000     -0.026917000 
6       -2.343382000     -2.678444000     -0.094476000 
6       -1.211761000     -1.877969000     -0.129629000 
6       -4.030692000      2.166297000      0.121048000 
6       -5.155342000      1.344308000      0.154551000 
6       -5.052490000     -0.059131000      0.100351000 
6       -3.054280000      4.406402000      0.105860000 
6       -4.155947000      3.580741000      0.170195000 
6       -3.177590000      5.844176000      0.139302000 
 125 
 
6       -2.089810000      6.649563000      0.050677000 
6       -0.763315000      6.099646000     -0.085400000 
1        1.834254000      2.303903000     -0.376281000 
1       -0.247818000     -2.362679000     -0.182202000 
6       -4.804267000     -2.883169000      0.010592000 
6       -6.104177000     -2.276389000      0.087790000 
6       -6.194106000     -0.877445000      0.132703000 
6        1.811173000      4.966230000     -0.383050000 
6        1.647233000      6.336621000     -0.359939000 
6        0.367373000      6.904528000     -0.208576000 
1        2.800303000      4.531989000     -0.504233000 
6       -2.258508000     -4.117677000     -0.121816000 
6       -3.373848000     -4.893789000     -0.091114000 
6       -4.690340000     -4.309011000     -0.024560000 
1       -1.272548000     -4.572932000     -0.167351000 
6       -7.255072000     -3.113067000      0.121097000 
6       -7.125904000     -4.486397000      0.081692000 
6       -5.851195000     -5.082422000      0.010454000 
1       -6.141038000      1.798568000      0.221598000 
1       -5.150710000      4.011786000      0.250429000 
1       -2.200232000      7.730467000      0.072364000 
1       -4.173792000      6.268023000      0.232890000 
1       -7.174070000     -0.410258000      0.195796000 
1        2.510579000      6.987949000     -0.461224000 
1        0.255324000      7.985316000     -0.194443000 
1       -3.292450000     -5.977356000     -0.113397000 
1       -8.009510000     -5.116735000      0.107431000 
1       -8.237748000     -2.653013000      0.179082000 
1       -5.767454000     -6.165823000     -0.016616000 
6        1.218589000     -0.203997000     -0.056497000 
8        2.193085000      0.358677000      0.592553000 
8        1.541037000     -1.320571000     -0.626566000 
92       3.799992000     -1.270829000      0.040936000 
8        3.497586000     -2.347540000      1.419345000 
8        4.338398000     -0.336911000     -1.365680000 
8        4.616524000      0.486027000      1.699882000 
8        3.626421000     -3.235799000     -1.530682000 
8        6.222393000     -1.956411000      0.247978000 
1        4.710586000      0.193394000      2.622563000 
1        3.855442000      1.100045000      1.695350000 
1        6.599786000     -2.640841000      0.824264000 
1        6.933467000     -1.622054000     -0.323418000 
1        2.978914000     -3.922911000     -1.296202000 
1        3.444167000     -2.991652000     -2.455143000 
 126 
 
U on 15-ring GOCOO-, CN = 5 
6        2.115427000      3.974441000     -0.111669000 
6        0.834637000      4.605934000     -0.064053000 
6       -0.336099000      3.807476000     -0.028466000 
6       -0.239418000      2.382426000     -0.023205000 
6        1.061102000      1.747115000     -0.034794000 
6        2.192293000      2.566433000     -0.101823000 
6        1.129512000      0.301704000     -0.045704000 
6       -0.055359000     -0.486089000     -0.056163000 
6       -1.342233000      0.173172000     -0.032193000 
6       -1.421504000      1.600706000     -0.018638000 
6       -2.533572000     -0.594967000     -0.014582000 
6       -2.480284000     -2.019554000     -0.003292000 
6       -1.197932000     -2.668879000      0.004672000 
6       -0.043482000     -1.910309000     -0.014430000 
6       -2.704042000      2.245583000     -0.001670000 
6       -3.888580000      1.471528000      0.004793000 
6       -3.812837000      0.051949000      0.000166000 
6       -1.617833000      4.444644000     -0.007326000 
6       -2.789199000      3.671252000      0.007253000 
6       -1.699106000      5.888789000     -0.004418000 
6       -0.543331000      6.640364000     -0.030743000 
6        0.745064000      6.034736000     -0.067982000 
1        3.176381000      2.120023000     -0.143364000 
1        0.905211000     -2.428116000      0.000121000 
8        2.699178000     -1.420423000     -0.709337000 
6       -3.660517000     -2.786851000      0.013423000 
6       -4.933023000     -2.139761000      0.016424000 
6       -4.999793000     -0.720175000      0.011240000 
6        3.276834000      4.784630000     -0.169464000 
6        3.178508000      6.168516000     -0.169273000 
6        1.927780000      6.792777000     -0.116736000 
1        4.250905000      4.304449000     -0.215875000 
6       -1.157003000     -4.112804000      0.037112000 
6       -2.293130000     -4.854028000      0.046734000 
6       -3.595048000     -4.228678000      0.033507000 
1       -0.183831000     -4.596783000      0.052755000 
6       -6.120303000     -2.910668000      0.029687000 
6       -6.047172000     -4.338506000      0.041196000 
6       -4.766576000     -4.963098000      0.044556000 
1        4.078623000      6.774961000     -0.212651000 
1        1.860814000      7.877316000     -0.119141000 
1       -2.244989000     -5.939540000      0.068081000 
1       -4.717040000     -6.049427000      0.058701000 
 127 
 
6       -6.286028000     -0.067879000      0.020927000 
6       -7.448317000     -0.851593000      0.029799000 
6       -7.397601000     -2.259750000      0.034082000 
6       -5.180086000      2.122270000      0.019663000 
6       -6.335144000      1.347072000      0.024689000 
6       -4.087239000      4.314817000      0.025410000 
6       -4.137742000      5.758917000      0.035478000 
6       -3.006771000      6.503785000      0.021679000 
6       -5.229867000      3.547193000      0.030408000 
1       -8.417567000     -0.358686000      0.035931000 
1       -7.305010000      1.838187000      0.034486000 
1       -5.114109000      6.235690000      0.052739000 
1       -6.203113000      4.031609000      0.042824000 
6       -7.242235000     -5.080677000      0.052935000 
6       -8.488221000     -4.442884000      0.054247000 
6       -8.570266000     -3.057652000      0.045556000 
1       -0.609937000      7.725784000     -0.030643000 
1       -3.060283000      7.589219000      0.027470000 
1       -7.190336000     -6.166197000      0.061762000 
1       -9.396012000     -5.038329000      0.063292000 
1       -9.540165000     -2.567647000      0.048223000 
6        2.438493000     -0.353187000     -0.024825000 
8        3.424774000      0.094801000      0.678597000 
92       4.959086000     -1.578156000      0.032739000 
8        5.669388000     -0.528320000     -1.213769000 
8        4.502158000     -2.714170000      1.317707000 
8        4.363284000     -3.196393000     -1.851434000 
8        6.090285000     -0.228540000      1.846989000 
8        7.131629000     -2.867416000     -0.050739000 
1        4.708912000     -2.941988000     -2.724275000 
1        3.397819000     -3.050248000     -1.901389000 
1        7.942631000     -2.622459000     -0.525142000 
1        7.329461000     -3.644380000      0.497600000 
1        6.096364000      0.731483000      1.687485000 
1        5.677211000     -0.352354000      2.719820000 
U on 20-ring GOCOO-, CN = 5 
6       -1.167649000     -4.902505000      0.031041000 
6       -0.018065000     -4.183812000      0.024693000 
6       -3.639577000     -4.963561000      0.024148000 
6       -2.457561000     -4.251744000      0.016481000 
6       -6.107474000     -5.031111000      0.028329000 
6       -4.911274000     -4.315074000      0.020197000 
6       -8.581017000     -5.106180000      0.038822000 
 128 
 
6       -7.367058000     -4.382923000      0.030357000 
6       -0.030726000     -2.738668000     -0.005909000 
6        1.138086000     -2.005484000     -0.021922000 
6       -2.494149000     -2.805249000     -0.001445000 
6       -1.300230000     -2.063545000     -0.015204000 
6       -4.953631000     -2.875225000      0.011644000 
6       -3.753128000     -2.132664000      0.000943000 
6       -7.412758000     -2.952046000      0.025540000 
6       -6.210612000     -2.203970000      0.016424000 
6       -1.323160000     -0.634904000     -0.025496000 
6       -0.115433000      0.106248000     -0.040696000 
6       -3.790531000     -0.705853000     -0.003018000 
6       -2.586702000      0.038633000     -0.012609000 
6       -6.253864000     -0.780503000      0.014387000 
6       -5.052037000     -0.032980000      0.006252000 
1        0.945773000     -4.686148000      0.041345000 
6        3.653188000     -0.505783000     -0.024564000 
8        4.640399000     -0.085009000      0.691908000 
6        1.156273000     -0.579580000     -0.062371000 
6        2.357333000      0.179438000     -0.048848000 
1        2.076341000     -2.542125000     -0.006577000 
6       -7.543007000      1.318276000      0.025582000 
6       -6.372679000      2.068251000      0.020755000 
6       -8.701331000     -0.863302000      0.029690000 
6       -7.526298000     -0.101072000      0.022840000 
6       -9.860024000     -3.051768000      0.039336000 
6       -8.675736000     -2.275177000      0.031092000 
6       -9.807868000     -4.442945000      0.042862000 
6       -6.384481000      3.496976000      0.027729000 
6       -5.224257000      4.238098000      0.024384000 
1       -7.345472000      4.005663000      0.036890000 
1       -8.502641000      1.829108000      0.033229000 
1       -9.662229000     -0.354578000      0.035231000 
1      -10.821031000     -2.544388000      0.043366000 
6       -0.340901000      5.826877000     -0.017118000 
6        0.842576000      6.556490000     -0.039651000 
1        0.798457000      7.642963000     -0.040610000 
6       -2.793374000      5.752419000      0.013545000 
6       -1.617542000      6.467158000      0.002639000 
1       -1.649890000      7.554111000      0.005759000 
6       -5.236191000      5.684037000      0.033241000 
6       -4.086284000      6.399949000      0.028399000 
1       -4.112593000      7.486424000      0.034581000 
6        4.544884000      6.001123000     -0.161673000 
1        5.461227000      6.583051000     -0.200887000 
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6        3.314522000      6.654626000     -0.114610000 
1        3.272265000      7.740370000     -0.116816000 
6        2.107599000      5.922393000     -0.071089000 
1       -6.199541000      6.186982000      0.043680000 
6        2.322420000      1.626575000     -0.037888000 
6        3.472350000      2.418344000     -0.100051000 
1        4.445513000      1.948079000     -0.137243000 
6        3.429450000      3.829872000     -0.109586000 
6        2.164258000      4.490807000     -0.067054000 
6        0.974639000      3.720010000     -0.035526000 
6       -0.162323000      1.537656000     -0.027987000 
6        1.037066000      2.290649000     -0.030105000 
6       -1.483437000      3.636409000     -0.006653000 
6       -0.287802000      4.384581000     -0.018517000 
6       -2.632827000      1.463014000     -0.008837000 
6       -1.428115000      2.209122000     -0.014015000 
6       -3.940906000      3.565487000      0.011793000 
6       -2.750998000      4.305166000      0.006953000 
6       -5.095910000      1.390691000      0.009522000 
6       -3.896620000      2.135821000      0.003921000 
6        4.608196000      4.610929000     -0.161937000 
1        5.570874000      4.107977000     -0.204485000 
1       -8.548886000     -6.192348000      0.042473000 
1       -6.077014000     -6.118195000      0.034405000 
1       -3.610995000     -6.050610000      0.036351000 
1       -1.141364000     -5.988811000      0.050785000 
1      -10.729833000     -5.016317000      0.049364000 
8        3.892126000     -1.570002000     -0.719450000 
92       6.149595000     -1.790118000      0.038516000 
8        5.655365000     -2.926537000      1.312117000 
8        6.888527000     -0.744363000     -1.197609000 
8        8.301656000     -3.118375000     -0.031754000 
1        9.121756000     -2.882545000     -0.494685000 
1        8.482229000     -3.898277000      0.518055000 
8        7.282031000     -0.467281000      1.877702000 
1        6.845300000     -0.597692000      2.737891000 
1        7.277707000      0.493068000      1.720183000 
8        5.518941000     -3.380166000     -1.863674000 
1        4.558318000     -3.201663000     -1.903706000 
1        5.866910000     -3.110341000     -2.730918000 
U on three-ring GOO-, CN = 5 
6       -1.697621000      0.810589000      0.234642000 
6       -0.939118000     -0.388077000      0.127334000 
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6        0.422138000     -0.331695000     -0.028395000 
6        1.106003000      0.922052000     -0.080576000 
6        0.333237000      2.134700000      0.039546000 
6       -1.080049000      2.037313000      0.190216000 
6        1.008157000      3.381304000     -0.007741000 
6        2.418226000      3.450865000     -0.154790000 
6        3.163567000      2.226208000     -0.311125000 
6        2.493428000      0.996250000     -0.264161000 
6        4.576017000      2.308340000     -0.513884000 
6        5.222367000      3.518137000     -0.553712000 
6        4.491171000      4.722495000     -0.362974000 
6        3.128620000      4.692372000     -0.162671000 
1       -2.775980000      0.751070000      0.350529000 
1       -1.445463000     -1.347873000      0.165977000 
1        1.006979000     -1.243428000     -0.115910000 
1       -1.667080000      2.946544000      0.263360000 
8        0.305725000      4.524522000      0.049266000 
1        3.063703000      0.077384000     -0.374709000 
1        5.133039000      1.383158000     -0.636583000 
1        6.295835000      3.560507000     -0.710289000 
1        5.018978000      5.671989000     -0.348031000 
1        2.597074000      5.611237000      0.069922000 
92      -0.602087000      6.300546000     -0.736617000 
8        0.600853000      7.426536000     -0.059860000 
8       -1.881698000      5.415312000     -1.599518000 
8       -2.393346000      8.059635000     -0.172473000 
8        1.113317000      5.567084000     -2.493928000 
8       -0.664118000      7.967319000     -2.690780000 
1       -2.207945000      8.997301000     -0.349611000 
1       -3.299572000      7.890975000     -0.482232000 
1        0.192648000      8.376512000     -2.903213000 
1       -1.034083000      7.657369000     -3.535039000 
1        1.957240000      5.343763000     -2.043606000 
1        0.847033000      4.743955000     -2.940799000 
8       -1.651567000      5.933862000      1.556986000 
1       -1.760333000      6.682876000      2.166342000 
1       -1.167699000      5.240200000      2.037833000 
U on six-ring GOO-, CN = 5 
6       -2.147476000      1.156115000     -0.001491000 
6       -0.717780000      1.173537000      0.012335000 
6       -0.013775000      2.407381000     -0.008506000 
6        2.113521000      3.642180000     -0.028266000 
6        1.406043000      2.410102000     -0.010246000 
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6        3.546363000      3.645734000     -0.036637000 
6        4.230705000      4.867205000     -0.046225000 
6        3.530817000      6.076924000     -0.015823000 
6        2.138760000      6.095601000     -0.001264000 
6        2.126220000      1.164997000      0.008528000 
6        3.566683000      1.204322000     -0.004617000 
6        4.241674000      2.383199000     -0.029633000 
6        0.005975000     -0.062409000      0.043049000 
6        1.421220000     -0.030972000      0.039286000 
6       -0.719405000     -1.278774000      0.070320000 
6       -2.105082000     -1.279696000      0.062696000 
6       -2.817099000     -0.072542000      0.024786000 
1       -3.933121000      2.395955000     -0.071955000 
1       -2.729306000      4.532161000     -0.125800000 
1        5.317110000      4.867666000     -0.055839000 
1        4.079739000      7.013906000      0.019391000 
1        1.616822000      7.040120000      0.122902000 
1        4.106485000      0.261205000      0.006204000 
1        5.328150000      2.395644000     -0.038631000 
1        1.966876000     -0.971372000      0.059270000 
1       -0.171416000     -2.216804000      0.095684000 
1       -2.645681000     -2.221184000      0.083811000 
1       -3.903828000     -0.085371000      0.014781000 
6       -2.846397000      2.411437000     -0.050494000 
6       -0.743263000      3.645940000     -0.045438000 
6       -2.178740000      3.599036000     -0.075439000 
6       -0.033720000      4.859976000     -0.061318000 
6        1.402124000      4.884507000     -0.028203000 
8       -0.692137000      6.023689000     -0.143840000 
92      -1.375372000      7.851116000     -1.048080000 
8       -0.200013000      8.904403000     -0.217227000 
8       -2.589043000      7.045826000     -2.074234000 
8       -3.095215000      9.737260000     -0.715444000 
8        0.497269000      6.983765000     -2.574737000 
8       -1.067902000      9.501492000     -2.997911000 
1       -2.812737000     10.656517000     -0.856600000 
1       -3.957719000      9.640093000     -1.153657000 
1       -0.161831000      9.843602000     -3.090191000 
1       -1.330632000      9.188654000     -3.880324000 
1        1.250896000      6.701061000     -2.009713000 
1        0.228055000      6.177917000     -3.050064000 
8       -2.738071000      7.556332000      1.091972000 
1       -2.858752000      8.311418000      1.691454000 
1       -2.348095000      6.834999000      1.615586000 
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U on ten-ring GOO-, CN = 5 
6       -2.835645000     -2.139078000     -0.274519000 
6       -3.895520000     -1.174735000     -0.105037000 
6       -3.580295000      0.207823000     -0.033738000 
6       -2.237679000      0.644327000     -0.138025000 
6       -1.186046000     -0.326718000     -0.318173000 
6       -1.522591000     -1.701459000     -0.373333000 
6       -0.591173000      2.472035000     -0.148733000 
6       -1.932150000      2.029686000     -0.047769000 
6       -0.287308000      3.858682000     -0.055885000 
6        1.050233000      4.309283000     -0.167549000 
6        2.106526000      3.363217000     -0.395313000 
6       -2.991781000      2.990056000      0.147704000 
6       -2.657858000      4.370404000      0.244805000 
6       -1.354201000      4.815622000      0.151210000 
6       -4.639900000      1.172586000      0.151101000 
6       -4.310818000      2.542979000      0.236990000 
6       -5.967181000      0.720437000      0.245674000 
6       -6.292769000     -0.642495000      0.172156000 
6       -5.238573000     -1.605519000     -0.002552000 
1       -0.727964000     -2.431890000     -0.486768000 
1        2.588147000      1.294569000     -0.743005000 
6        1.355386000      5.707919000     -0.073624000 
6        0.272769000      6.637538000      0.146263000 
6       -1.011997000      6.214795000      0.250938000 
6        3.436301000      3.844316000     -0.534016000 
6        3.709848000      5.194420000     -0.437879000 
6        2.678373000      6.124405000     -0.205831000 
6       -3.186535000     -3.535754000     -0.334133000 
6       -4.479289000     -3.944721000     -0.238630000 
6       -5.556104000     -3.000259000     -0.070171000 
6       -6.889207000     -3.398606000      0.031389000 
6       -7.921373000     -2.454390000      0.199491000 
6       -7.635313000     -1.106386000      0.269560000 
1       -3.459666000      5.089174000      0.396171000 
1       -5.108923000      3.267770000      0.378229000 
1       -6.763411000      1.448421000      0.382030000 
1        0.511945000      7.695015000      0.220621000 
1       -1.816592000      6.927634000      0.410372000 
1        4.731108000      5.548377000     -0.546130000 
1        2.912698000      7.183152000     -0.135791000 
1       -4.726279000     -5.002075000     -0.286667000 
1       -7.132577000     -4.456665000     -0.019920000 
1       -8.949424000     -2.795696000      0.275127000 
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1       -8.432716000     -0.379982000      0.400797000 
1       -2.386976000     -4.261616000     -0.458333000 
1        4.235782000      3.131873000     -0.721669000 
6        0.155173000      0.121315000     -0.421209000 
6        0.476522000      1.521293000     -0.355574000 
6        1.793621000      1.988886000     -0.483547000 
8        1.143879000     -0.759391000     -0.544590000 
92       2.895238000     -1.876819000      0.099659000 
8        4.088459000     -0.780275000     -0.658998000 
8        1.941829000     -3.077067000      1.019080000 
8        4.424773000     -3.827339000     -0.600118000 
8        2.473195000     -0.078726000      1.893323000 
8        4.674561000     -2.119806000      1.950878000 
1        5.383203000     -3.735877000     -0.468474000 
1        4.182675000     -4.714132000     -0.284226000 
1        5.149230000     -1.292542000      2.142324000 
1        4.354588000     -2.452009000      2.806781000 
1        2.305814000      0.763534000      1.415042000 
1        1.646913000     -0.254735000      2.376785000 
8        2.219189000     -2.823155000     -2.186239000 
1        2.898842000     -2.867979000     -2.879260000 
1        1.513879000     -2.242302000     -2.521599000 
U on 15-ring GOO-, CN = 5 
6        1.122856000     -2.576742000     -0.525712000 
6        2.333172000     -1.819290000     -0.321026000 
6        2.259591000     -0.397027000     -0.206002000 
6        1.011310000      0.265197000     -0.264623000 
6       -0.195613000     -0.500961000     -0.435972000 
6       -0.097272000     -1.916296000     -0.580902000 
6       -1.520902000      1.601331000     -0.353256000 
6       -0.295766000      2.351084000     -0.213992000 
6        0.952278000      1.687630000     -0.158684000 
6       -0.351145000      3.770358000     -0.113203000 
6       -1.601419000      4.439839000     -0.155968000 
6       -2.813578000      3.685838000     -0.286580000 
6       -2.739105000      2.276604000     -0.377213000 
6        2.157037000      2.442366000      0.002699000 
6        2.096767000      3.866045000      0.097739000 
6        0.857182000      4.523782000      0.037048000 
6        3.464503000      0.360745000     -0.031691000 
6        3.404249000      1.778739000      0.069321000 
6        4.712616000     -0.303390000      0.036171000 
6        4.777604000     -1.720045000     -0.075054000 
 134 
 
6        3.577664000     -2.474830000     -0.260651000 
8       -2.563863000     -0.542794000     -0.529443000 
1       -0.989173000     -2.484175000     -0.835311000 
6       -1.655548000      5.868017000     -0.060812000 
6       -0.435883000      6.595248000      0.078413000 
6        0.789602000      5.964996000      0.131668000 
6       -4.048270000      4.378299000     -0.319581000 
6       -4.087136000      5.762797000     -0.230873000 
6       -2.907720000      6.504450000     -0.103524000 
6        1.228780000     -4.008325000     -0.679241000 
6        2.428375000     -4.640582000     -0.610366000 
6        3.654526000     -3.909206000     -0.394608000 
6        4.885320000     -4.536332000     -0.324873000 
6        6.093055000     -3.806386000     -0.130061000 
6        6.027834000     -2.381644000     -0.009274000 
1       -5.042728000      6.278500000     -0.259232000 
1       -2.952922000      7.587932000     -0.033788000 
1        2.488700000     -5.719769000     -0.725093000 
1        4.941464000     -5.617816000     -0.425553000 
1        0.317157000     -4.574618000     -0.854099000 
1       -4.969229000      3.808851000     -0.414865000 
6        5.924637000      0.458712000      0.213474000 
6        7.149467000     -0.219856000      0.281535000 
6        7.231571000     -1.622622000      0.175053000 
6        2.027531000      6.697504000      0.283532000 
6        3.321484000      4.623653000      0.258765000 
6        3.223863000      6.063857000      0.344886000 
6        4.620105000      2.540527000      0.238424000 
6        5.837444000      1.870663000      0.309222000 
6        4.528512000      3.963534000      0.326534000 
1        8.064047000      0.352464000      0.416957000 
1        4.143122000      6.631687000      0.461502000 
1        6.752925000      2.442741000      0.438645000 
1        5.446034000      4.533845000      0.449778000 
6        7.347508000     -4.439380000     -0.058870000 
6        8.519033000     -3.696235000      0.125654000 
6        8.468645000     -2.314370000      0.240304000 
1       -0.483776000      7.679444000      0.148602000 
1        1.974282000      7.780989000      0.350153000 
1        7.400539000     -5.520953000     -0.150370000 
1        9.475585000     -4.207495000      0.177606000 
1        9.382752000     -1.743859000      0.380837000 
6       -1.445447000      0.165539000     -0.450885000 
1       -3.661847000      1.711019000     -0.459189000 
92      -4.136240000     -1.891175000      0.158244000 
 135 
 
8       -3.576033000     -3.295663000     -0.801048000 
8       -4.847181000     -0.697842000      1.285304000 
8       -6.570965000     -2.567630000     -0.377791000 
8       -2.187835000     -2.195341000      1.816720000 
8       -4.803303000     -3.710597000      1.863774000 
1       -6.824526000     -3.499848000     -0.273515000 
1       -7.251183000     -2.042997000      0.077336000 
1       -4.198455000     -4.472199000      1.855733000 
1       -4.868240000     -3.426310000      2.791203000 
1       -1.349095000     -2.241311000      1.307319000 
1       -2.103461000     -1.391789000      2.359651000 
8       -5.020483000     -0.706491000     -1.942080000 
1       -5.379640000     -1.259069000     -2.656085000 
1       -4.256876000     -0.229368000     -2.311856000 
U on 20-ring GOO-, CN = 5 
6        1.126611000     -4.863534000     -0.493210000 
6       -0.058657000     -4.204077000     -0.541768000 
6        3.592812000     -4.810408000     -0.308228000 
6        2.377809000     -4.155673000     -0.352576000 
6        6.056544000     -4.762078000     -0.144487000 
6        4.827365000     -4.104673000     -0.187012000 
6        8.526683000     -4.718517000      0.009515000 
6        7.279394000     -4.055909000     -0.032811000 
6       -0.124065000     -2.764695000     -0.441993000 
6       -1.328608000     -2.077633000     -0.486178000 
6        2.339021000     -2.712995000     -0.266890000 
6        1.109781000     -2.030973000     -0.305980000 
6        4.795936000     -2.665726000     -0.112314000 
6        3.561818000     -1.982239000     -0.151639000 
6        7.252876000     -2.625066000      0.037484000 
6        6.016355000     -1.935490000     -0.002258000 
6        1.070724000     -0.601740000     -0.233214000 
6       -0.163588000      0.085630000     -0.272440000 
6        3.531266000     -0.555733000     -0.081837000 
6        2.295923000      0.131372000     -0.123046000 
6        5.989533000     -0.513006000      0.065308000 
6        4.754462000      0.176794000      0.024798000 
1       -0.990082000     -4.752832000     -0.658357000 
6       -1.390420000     -0.656041000     -0.390722000 
6       -2.626251000      0.038366000     -0.404020000 
1       -2.241678000     -2.634493000     -0.680255000 
6        7.168820000      1.643875000      0.234351000 
6        5.965683000      2.337886000      0.193931000 
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6        8.432732000     -0.479252000      0.211745000 
6        7.223578000      0.225427000      0.172714000 
6        9.698806000     -2.607538000      0.184641000 
6        8.478395000     -1.889336000      0.146670000 
6        9.715882000     -3.997531000      0.117025000 
6        5.904248000      3.765714000      0.253085000 
6        4.710137000      4.450147000      0.213516000 
1        6.836926000      4.319268000      0.331785000 
1        8.100797000      2.198057000      0.314595000 
1        9.365483000      0.073500000      0.293658000 
1       10.631062000     -2.055323000      0.267685000 
6       -0.250025000      5.796921000      0.012517000 
6       -1.474017000      6.456233000     -0.007080000 
1       -1.494431000      7.542130000      0.046503000 
6        2.203932000      5.845292000      0.136947000 
6        0.992621000      6.499135000      0.105520000 
1        0.968478000      7.585229000      0.155684000 
6        4.645402000      5.894119000      0.273130000 
6        3.461768000      6.552981000      0.236601000 
1        3.434104000      7.638510000      0.283052000 
6       -5.142967000      5.699590000     -0.160434000 
1       -6.090175000      6.231428000     -0.158967000 
6       -3.950651000      6.418212000     -0.092573000 
1       -3.970366000      7.503307000     -0.038878000 
6       -2.704074000      5.754768000     -0.087644000 
1        5.579706000      6.444113000      0.349409000 
6       -2.667777000      1.478958000     -0.318737000 
6       -3.870875000      2.178494000     -0.307634000 
1       -4.806350000      1.628767000     -0.338854000 
6       -3.915051000      3.593040000     -0.233623000 
6       -2.684067000      4.323123000     -0.161318000 
6       -1.446532000      3.627791000     -0.151913000 
6       -0.189767000      1.514524000     -0.200475000 
6       -1.423273000      2.203230000     -0.229651000 
6        1.010465000      3.670342000     -0.029119000 
6       -0.222807000      4.355850000     -0.058580000 
6        2.270991000      1.555605000     -0.057356000 
6        1.033652000      2.244151000     -0.096682000 
6        3.464043000      3.717822000      0.109734000 
6        2.240409000      4.398799000      0.071784000 
6        4.726849000      1.600472000      0.088413000 
6        3.494682000      2.287646000      0.046993000 
6       -5.133628000      4.308817000     -0.228284000 
1       -6.069507000      3.757923000     -0.276551000 
1        8.550322000     -5.803611000     -0.043430000 
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1        6.081510000     -5.847858000     -0.200238000 
1        3.619563000     -5.895758000     -0.372040000 
1        1.156853000     -5.947533000     -0.567016000 
1       10.663983000     -4.525975000      0.147900000 
8       -3.761371000     -0.640090000     -0.467564000 
92      -5.390998000     -1.951946000      0.150016000 
8       -4.694492000     -3.410770000     -0.623053000 
8       -6.276366000     -0.613798000      0.944885000 
8       -3.473095000     -2.082036000      1.969605000 
1       -2.646910000     -2.272960000      1.476267000 
1       -3.328593000     -1.193231000      2.340152000 
8       -5.899812000     -3.360759000      2.250213000 
1       -5.064284000     -3.389089000      2.751774000 
1       -6.572107000     -3.002993000      2.853650000 
8       -7.693001000     -2.990885000     -0.235287000 
1       -7.780358000     -3.822291000     -0.729703000 
1       -8.460988000     -2.440136000     -0.459571000 
8       -6.136427000     -1.177157000     -2.195983000 
1       -5.634812000     -1.674630000     -2.865570000 
1       -5.875256000     -0.248095000     -2.322806000 
U on  15-ring GOCOOH (bidentate), CN = 5 
6       -1.996501000      4.095736000      1.135701000 
6       -0.811617000      4.680931000      0.600463000 
6        0.293738000      3.852236000      0.270181000 
6        0.203222000      2.435526000      0.414293000 
6       -1.044302000      1.835896000      0.828841000 
6       -2.075175000      2.675892000      1.240134000 
6       -1.151481000      0.372025000      0.796322000 
6        0.072485000     -0.423009000      0.822604000 
6        1.301983000      0.218769000      0.456169000 
6        1.346280000      1.630717000      0.192765000 
6        2.487398000     -0.548366000      0.346207000 
6        2.479135000     -1.936375000      0.662770000 
6        1.264565000     -2.549236000      1.101145000 
6        0.094712000     -1.785147000      1.159995000 
6        2.570469000      2.240888000     -0.224983000 
6        3.738938000      1.452848000     -0.390141000 
6        3.707670000      0.063898000     -0.090369000 
6        1.503158000      4.450782000     -0.198364000 
6        2.631624000      3.648697000     -0.453749000 
6        1.569935000      5.880901000     -0.387761000 
6        0.474599000      6.662882000     -0.073729000 
6       -0.723834000      6.099589000      0.445911000 
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1       -2.944112000      2.266905000      1.750334000 
1       -0.817689000     -2.260886000      1.494060000 
8       -2.652354000     -1.486061000      0.374073000 
6        3.663883000     -2.706151000      0.559886000 
6        4.869190000     -2.095400000      0.109652000 
6        4.881771000     -0.711626000     -0.217850000 
6       -3.056719000      4.935500000      1.533512000 
6       -2.966320000      6.317245000      1.377767000 
6       -1.820914000      6.895801000      0.833193000 
1       -3.952721000      4.494636000      1.962952000 
6        1.285025000     -3.941276000      1.465937000 
6        2.421649000     -4.684120000      1.374676000 
6        3.654249000     -4.101240000      0.909809000 
1        0.364108000     -4.393388000      1.824160000 
6        6.049428000     -2.864292000     -0.004683000 
6        6.035600000     -4.249201000      0.338689000 
6        4.827727000     -4.838828000      0.794813000 
1       -3.793469000      6.949589000      1.685323000 
1       -1.759181000      7.974104000      0.717130000 
1        2.419325000     -5.733834000      1.654344000 
1        4.825551000     -5.893030000      1.060511000 
6        6.102391000     -0.096724000     -0.672630000 
6        7.259994000     -0.883314000     -0.787676000 
6        7.261442000     -2.254214000     -0.461549000 
6        4.965036000      2.070648000     -0.837698000 
6        6.108990000      1.284249000     -0.978824000 
6        3.862288000      4.256211000     -0.914385000 
6        3.884985000      5.682589000     -1.139402000 
6        2.798590000      6.452946000     -0.886715000 
6        4.978949000      3.469381000     -1.107286000 
1        8.182159000     -0.420898000     -1.131641000 
1        7.032994000      1.744542000     -1.318935000 
1        4.805617000      6.128936000     -1.504055000 
1        5.904514000      3.923773000     -1.450423000 
6        7.231516000     -4.990550000      0.215872000 
6        8.413611000     -4.395828000     -0.232818000 
6        8.432336000     -3.046032000     -0.567910000 
1        0.530948000      7.740465000     -0.205102000 
1        2.835878000      7.526763000     -1.046566000 
1        7.227006000     -6.045396000      0.477852000 
1        9.318055000     -4.988972000     -0.317687000 
1        9.353066000     -2.584819000     -0.914807000 
6       -2.369751000     -0.237962000      0.505420000 
8       -3.509801000      0.496329000      0.195929000 
92      -4.833217000     -1.687924000     -0.409925000 
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8       -5.528860000     -1.830553000      1.209794000 
8       -4.348411000     -1.622178000     -2.109760000 
8       -4.017641000     -4.050464000     -0.316383000 
8       -6.412106000      0.205686000     -0.834629000 
8       -6.849268000     -2.971534000     -1.181130000 
1       -3.859169000     -4.485534000      0.539333000 
1       -3.302435000     -4.330433000     -0.914036000 
1       -7.480810000     -3.416264000     -0.590298000 
1       -6.966164000     -3.347879000     -2.070126000 
1       -7.086845000      0.520801000     -0.209551000 
1       -6.603166000      0.603730000     -1.700765000 
1       -3.301636000      1.442949000      0.032736000 
U on 15-ring GOCOOH (monodentate), CN = 5 
6       -0.789300000      4.941221000     -0.844095000 
6        0.548009000      5.165660000     -0.409224000 
6        1.391024000      4.055850000     -0.145331000 
6        0.893291000      2.722522000     -0.279060000 
6       -0.498241000      2.504078000     -0.614336000 
6       -1.272196000      3.608606000     -0.937703000 
6       -1.013601000      1.123941000     -0.582059000 
6       -0.046788000      0.022944000     -0.663787000 
6        1.328243000      0.291025000     -0.355585000 
6        1.779270000      1.632335000     -0.106406000 
6        2.259813000     -0.778267000     -0.306992000 
6        1.855963000     -2.104264000     -0.630243000 
6        0.505715000     -2.347678000     -1.024759000 
6       -0.405640000     -1.286650000     -1.027194000 
6        3.146242000      1.870684000      0.245441000 
6        4.054069000      0.786245000      0.359982000 
6        3.621857000     -0.536498000      0.068457000 
6        2.743735000      4.288658000      0.250753000 
6        3.614713000      3.202194000      0.456684000 
6        3.220507000      5.641041000      0.423200000 
6        2.373375000      6.702796000      0.167146000 
6        1.035510000      6.501677000     -0.267557000 
6       -2.353437000      0.844761000     -0.318921000 
1       -2.290687000      3.479352000     -1.272077000 
1       -1.419490000     -1.494111000     -1.339343000 
8       -2.859956000     -0.340228000     -0.118158000 
8       -3.280503000      1.868138000     -0.242556000 
6        2.783155000     -3.175865000     -0.586292000 
6        4.128043000     -2.930828000     -0.190876000 
6        4.538255000     -1.609619000      0.138097000 
 140 
 
6       -1.607401000      6.048719000     -1.151276000 
6       -1.126793000      7.349109000     -1.014020000 
6        0.175691000      7.577056000     -0.572635000 
1       -2.625366000      5.877814000     -1.490756000 
6        0.119937000     -3.682807000     -1.399662000 
6        1.006603000     -4.714717000     -1.359036000 
6        2.370551000     -4.506117000     -0.945012000 
1       -0.905246000     -3.853662000     -1.717420000 
6        5.052496000     -3.998883000     -0.137002000 
6        4.639173000     -5.318932000     -0.485834000 
6        3.296892000     -5.542848000     -0.887842000 
1       -1.770221000      8.190881000     -1.250242000 
1        0.543385000      8.593790000     -0.466290000 
1        0.699714000     -5.717465000     -1.642509000 
1        2.990628000     -6.549955000     -1.159516000 
6        5.902244000     -1.364550000      0.531654000 
6        6.799445000     -2.442730000      0.589853000 
6        6.405607000     -3.755966000      0.261552000 
6        5.425272000      1.032651000      0.742796000 
6        6.308656000     -0.044120000      0.833192000 
6        4.987443000      3.437619000      0.849245000 
6        5.423258000      4.798446000      1.055375000 
6        4.585206000      5.843509000      0.849033000 
6        5.846305000      2.368022000      0.998362000 
1        7.828785000     -2.258978000      0.888695000 
1        7.339697000      0.136756000      1.125698000 
1        6.449979000      4.966306000      1.367484000 
1        6.877924000      2.542146000      1.291895000 
6        5.587891000     -6.364584000     -0.424289000 
6        6.907113000     -6.128166000     -0.031474000 
6        7.314730000     -4.841566000      0.307794000 
1        2.737962000      7.719764000      0.287901000 
1        4.930299000      6.863283000      0.994252000 
1        5.279420000     -7.372177000     -0.690752000 
1        7.614853000     -6.949571000      0.006701000 
1        8.342219000     -4.659122000      0.610782000 
1       -3.874603000      1.679864000      0.515841000 
92      -4.898934000     -1.194026000      0.338736000 
8       -4.700846000     -2.637624000     -0.674607000 
8       -5.262415000      0.255813000      1.322012000 
8       -3.214751000     -2.123547000      2.010483000 
8       -7.374306000     -1.208097000     -0.246648000 
8       -5.222510000      0.338449000     -1.664663000 
8       -6.012783000     -2.635649000      2.124768000 
1       -6.798558000     -2.337779000      2.614301000 
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1       -6.099476000     -3.597727000      2.010655000 
1       -3.344552000     -2.067552000      2.971758000 
1       -2.314755000     -1.807243000      1.818194000 
1       -4.996992000      0.016429000     -2.554421000 
1       -4.656819000      1.125843000     -1.500597000 
1       -7.734645000     -1.769136000     -0.954802000 
1       -7.848369000     -0.359654000     -0.294866000 
U on 15-ring OH, CN = 5 
6        1.125207000     -2.512186000     -0.885664000 
6        2.310978000     -1.765788000     -0.544339000 
6        2.223583000     -0.354838000     -0.349539000 
6        0.980786000      0.313064000     -0.462423000 
6       -0.206248000     -0.440782000     -0.788906000 
6       -0.094344000     -1.851835000     -0.997796000 
6       -1.539852000      1.656130000     -0.682647000 
6       -0.332328000      2.395814000     -0.395524000 
6        0.906929000      1.725378000     -0.280375000 
6       -0.400629000      3.806984000     -0.217122000 
6       -1.643721000      4.480468000     -0.323030000 
6       -2.840508000      3.740123000     -0.594835000 
6       -2.760438000      2.340792000     -0.762102000 
6        2.093961000      2.469095000      0.022438000 
6        2.024254000      3.882409000      0.196010000 
6        0.787232000      4.547749000      0.075196000 
6        3.406840000      0.391184000     -0.037258000 
6        3.333777000      1.800600000      0.144417000 
6        4.648296000     -0.274294000      0.080885000 
6        4.729662000     -1.679712000     -0.113151000 
6        3.553865000     -2.424053000     -0.432643000 
8       -2.572124000     -0.497196000     -1.154251000 
1       -0.960669000     -2.408223000     -1.345983000 
6       -1.706783000      5.898400000     -0.149291000 
6       -0.509870000      6.614477000      0.131222000 
6        0.713077000      5.977529000      0.248230000 
6       -4.070146000      4.438553000     -0.685404000 
6       -4.119737000      5.816984000     -0.521188000 
6       -2.955769000      6.543274000     -0.256636000 
6        1.249389000     -3.932645000     -1.111902000 
6        2.445520000     -4.565577000     -0.994422000 
6        3.647304000     -3.845622000     -0.648175000 
6        4.876416000     -4.473924000     -0.529296000 
6        6.058407000     -3.751687000     -0.203900000 
6        5.975889000     -2.341018000      0.001099000 
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1       -5.069892000      6.336310000     -0.597926000 
1       -3.007139000      7.620757000     -0.128644000 
1        2.519270000     -5.635321000     -1.169627000 
1        4.947824000     -5.546443000     -0.692461000 
1        0.357820000     -4.490358000     -1.386140000 
1       -4.981011000      3.881631000     -0.888253000 
6        5.838585000      0.476651000      0.393159000 
6        7.062601000     -0.202994000      0.507032000 
6        7.158457000     -1.595223000      0.318279000 
6        1.928912000      6.699776000      0.542606000 
6        3.224994000      4.630490000      0.497619000 
6        3.119699000      6.061300000      0.662010000 
6        4.527306000      2.552623000      0.451215000 
6        5.743035000      1.877037000      0.570878000 
6        4.429041000      3.963693000      0.619266000 
1        7.961335000      0.361341000      0.743399000 
1        4.024290000      6.619825000      0.884680000 
1        6.643670000      2.439891000      0.802269000 
1        5.331910000      4.524350000      0.846552000 
6        7.312630000     -4.384533000     -0.083174000 
6        8.464931000     -3.656493000      0.230482000 
6        8.394356000     -2.283554000      0.428218000 
1       -0.565691000      7.692396000      0.259747000 
1        1.867428000      7.776960000      0.668542000 
1        7.379967000     -5.457876000     -0.239003000 
1        9.417858000     -4.168213000      0.317255000 
1        9.292045000     -1.720853000      0.668964000 
6       -1.417334000      0.253903000     -0.872739000 
1       -3.687280000      1.800276000     -0.934269000 
92      -4.048862000     -2.000292000      0.333613000 
8       -3.556551000     -3.461635000     -0.557790000 
8       -4.608289000     -0.592116000      1.267381000 
8       -6.496554000     -2.707194000      0.287617000 
8       -1.821877000     -1.965847000      1.506413000 
8       -4.356117000     -3.443044000      2.387004000 
1       -6.753426000     -3.635305000      0.148752000 
1       -7.104838000     -2.348963000      0.957292000 
1       -3.892228000     -4.295467000      2.454989000 
1       -4.397671000     -3.074016000      3.285856000 
1       -1.048283000     -2.139684000      0.920456000 
1       -1.591958000     -1.174169000      2.023321000 
8       -5.104667000     -1.141553000     -1.885923000 
1       -5.120187000     -1.789547000     -2.612903000 
1       -5.992793000     -0.744548000     -1.860805000 
1       -3.134900000     -0.035504000     -1.802763000 
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Np Complexed with one GO sheet (Optimized at B3LYP/ECP60MWB-SEG/6-31G(d) level of 
theory) 
Np on 15-ring GOCOO-, CN = 5 
6       -1.211545000      4.389275000      0.236543000 
6        0.172328000      4.756968000      0.181044000 
6        1.165402000      3.745169000      0.111640000 
6        0.791383000      2.366604000      0.094554000 
6       -0.604941000      1.998439000      0.140233000 
6       -1.566144000      3.025988000      0.216015000 
6       -0.954963000      0.614244000      0.148348000 
6        0.038724000     -0.393437000      0.095870000 
6        1.427814000     -0.012333000      0.026173000 
6        1.792242000      1.366830000      0.034193000 
6        2.436193000     -1.008667000     -0.047733000 
6        2.085659000     -2.388301000     -0.068013000 
6        0.697418000     -2.760977000     -0.013448000 
6       -0.277229000     -1.781624000      0.066368000 
6        3.176694000      1.739999000     -0.019734000 
6        4.179922000      0.742472000     -0.087044000 
6        3.818750000     -0.634721000     -0.104382000 
6        2.544439000      4.113374000      0.061320000 
6        3.542387000      3.116966000     -0.005140000 
6        2.911464000      5.507208000      0.078542000 
6        1.923256000      6.475787000      0.145734000 
6        0.545171000      6.138231000      0.199691000 
6       -2.400518000      0.222017000      0.219387000 
1       -2.617893000      2.768650000      0.247625000 
1       -1.315703000     -2.085652000      0.119047000 
8       -2.793750000     -0.596719000      1.110950000 
8       -3.234633000      0.707665000     -0.613561000 
6        3.087020000     -3.382756000     -0.143332000 
6        4.462983000     -3.010033000     -0.196017000 
6        4.821842000     -1.631659000     -0.175463000 
6       -2.188483000      5.414630000      0.311324000 
6       -1.815024000      6.754146000      0.328140000 
6       -0.469237000      7.119413000      0.272729000 
1       -3.237916000      5.135667000      0.356892000 
6        0.363731000     -4.165004000     -0.043490000 
6        1.325527000     -5.120801000     -0.116272000 
6        2.726705000     -4.777089000     -0.167989000 
1       -0.687219000     -4.440785000     -0.005924000 
6        5.468165000     -4.010618000     -0.268967000 
6        5.100777000     -5.393088000     -0.291495000 
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6        3.723322000     -5.738123000     -0.240419000 
1       -2.578627000      7.525214000      0.385695000 
1       -0.186433000      8.168895000      0.286752000 
1        1.055316000     -6.173793000     -0.137265000 
1        3.448442000     -6.790635000     -0.258911000 
6        6.213345000     -1.255192000     -0.228167000 
6        7.191565000     -2.265398000     -0.298441000 
6        6.853620000     -3.633932000     -0.320409000 
6        5.570029000      1.117179000     -0.140280000 
6        6.547202000      0.116000000     -0.208306000 
6        4.936703000      3.485845000     -0.057541000 
6        5.273083000      4.888807000     -0.039804000 
6        4.313360000      5.846487000      0.024808000 
6        5.903964000      2.498243000     -0.122617000 
1        8.240497000     -1.980399000     -0.337900000 
1        7.595746000      0.402378000     -0.248328000 
1        6.324370000      5.163497000     -0.079732000 
1        6.953905000      2.780360000     -0.162342000 
6        6.120407000     -6.369722000     -0.364164000 
6        7.464422000     -5.997664000     -0.413152000 
6        7.833515000     -4.656599000     -0.392147000 
1        2.205503000      7.526427000      0.159179000 
1        4.585373000      6.899169000      0.037565000 
1        5.843277000     -7.420603000     -0.381376000 
1        8.231677000     -6.765291000     -0.468477000 
1        8.883034000     -4.376433000     -0.431011000 
93      -5.190088000     -0.541070000      0.329059000 
8       -4.912495000     -1.987537000     -0.710351000 
8       -5.623156000      0.886402000      1.344589000 
8       -4.756320000     -1.794236000      2.574456000 
8       -5.573612000      0.664195000     -1.987828000 
8       -7.755456000     -0.756268000      0.089251000 
1       -8.146979000      0.123270000      0.217329000 
1       -8.138105000     -1.117760000     -0.725575000 
1       -4.957596000     -1.129631000      3.254669000 
1       -3.788589000     -1.720989000      2.445516000 
1       -5.341061000     -0.081981000     -2.567140000 
1       -4.726744000      1.144060000     -1.884703000 
Np on 15-ring GOO-, CN = 5 (not verified as ground state) 
6        1.222913000     -2.512758000     -0.849909000 
6        2.391200000     -1.732486000     -0.527342000 
6        2.262881000     -0.323480000     -0.343541000 
6        0.994587000      0.303399000     -0.451663000 
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6       -0.169857000     -0.486711000     -0.739157000 
6       -0.014854000     -1.885028000     -0.949362000 
6       -1.568653000      1.555028000     -0.655386000 
6       -0.387257000      2.334367000     -0.388774000 
6        0.879737000      1.713246000     -0.275227000 
6       -0.500806000      3.746769000     -0.222725000 
6       -1.767694000      4.379407000     -0.334586000 
6       -2.938059000      3.594946000     -0.609013000 
6       -2.807372000      2.196597000     -0.758257000 
6        2.042554000      2.493830000      0.013497000 
6        1.924309000      3.904424000      0.180951000 
6        0.663125000      4.527002000      0.060480000 
6        3.426811000      0.459373000     -0.043038000 
6        3.307229000      1.867858000      0.132481000 
6        4.690493000     -0.168863000      0.075667000 
6        4.812442000     -1.576790000     -0.107687000 
6        3.655069000     -2.354698000     -0.415569000 
8       -2.525616000     -0.617393000     -0.972998000 
1       -0.882767000     -2.457935000     -1.269651000 
6       -1.879248000      5.797940000     -0.171137000 
6       -0.705314000      6.550425000      0.107129000 
6        0.538792000      5.953483000      0.226148000 
6       -4.188465000      4.252821000     -0.717243000 
6       -4.284062000      5.631189000     -0.559899000 
6       -3.150688000      6.400344000     -0.290121000 
6        1.388167000     -3.928725000     -1.067550000 
6        2.602811000     -4.527106000     -0.951515000 
6        3.788103000     -3.774431000     -0.617379000 
6        5.034331000     -4.369575000     -0.496521000 
6        6.200335000     -3.620095000     -0.182411000 
6        6.080911000     -2.205771000      0.009565000 
1       -5.252694000      6.116574000     -0.647021000 
1       -3.237291000      7.477088000     -0.167977000 
1        2.706321000     -5.596881000     -1.117711000 
1        5.130319000     -5.442510000     -0.649971000 
1        0.509000000     -4.512372000     -1.331856000 
1       -5.075958000      3.660493000     -0.924610000 
6        5.861241000      0.617855000      0.379939000 
6        7.105509000     -0.029115000      0.495842000 
6        7.245321000     -1.420785000      0.318655000 
6        1.733010000      6.712551000      0.514648000 
6        3.101737000      4.687223000      0.473341000 
6        2.945773000      6.113386000      0.632657000 
6        4.477154000      2.653379000      0.429682000 
6        5.716753000      2.013631000      0.548118000 
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6        4.329758000      4.059416000      0.591886000 
1        7.987895000      0.563662000      0.726422000 
1        3.832507000      6.703710000      0.851172000 
1        6.599515000      2.607838000      0.774078000 
1        5.214280000      4.652808000      0.813806000 
6        7.473106000     -4.221497000     -0.057903000 
6        8.598435000     -3.453653000      0.245623000 
6        8.496760000     -2.079401000      0.431638000 
1       -0.794362000      7.627781000      0.231116000 
1        1.636882000      7.788761000      0.637571000 
1        7.565899000     -5.294718000     -0.203353000 
1        9.567803000     -3.937010000      0.336505000 
1        9.380111000     -1.490781000      0.665750000 
6       -1.459521000      0.124928000     -0.797925000 
1       -3.689311000      1.598598000     -0.961629000 
93      -3.990266000     -1.936489000      0.165886000 
8       -3.805232000     -3.305603000     -1.001164000 
8       -4.251362000     -0.706444000      1.470746000 
8       -6.403327000     -2.527084000      1.395566000 
8       -1.754158000     -2.279755000      1.563668000 
8       -3.909366000     -4.001792000      1.867085000 
1       -6.114602000     -3.300382000      1.911573000 
1       -6.143892000     -1.757032000      1.938686000 
1       -3.727868000     -4.679281000      1.192125000 
1       -3.030489000     -3.757751000      2.219871000 
1       -0.985307000     -2.255615000      0.949732000 
1       -1.744565000     -1.418842000      2.017732000 
8       -6.156225000     -1.416583000     -1.153010000 
1       -6.126714000     -1.975550000     -1.947312000 
1       -6.804753000     -1.833013000     -0.554209000 
Np on 15-ring GOCOOH (monodentate), CN = 5 
6       -0.772584000      4.896502000     -0.658834000 
6        0.589845000      5.138533000     -0.320293000 
6        1.460220000      4.037233000     -0.120376000 
6        0.971301000      2.697032000     -0.229152000 
6       -0.435822000      2.456636000     -0.478458000 
6       -1.243596000      3.564685000     -0.732724000 
6       -0.922627000      1.074405000     -0.451301000 
6        0.037146000     -0.008973000     -0.520234000 
6        1.432780000      0.269213000     -0.295276000 
6        1.882005000      1.615523000     -0.099805000 
6        2.373026000     -0.794667000     -0.254337000 
6        1.962357000     -2.134345000     -0.503744000 
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6        0.589832000     -2.392484000     -0.815460000 
6       -0.323760000     -1.345337000     -0.814226000 
6        3.265558000      1.871299000      0.178908000 
6        4.186990000      0.797069000      0.270969000 
6        3.751052000     -0.537042000      0.042709000 
6        2.833931000      4.285389000      0.189610000 
6        3.727430000      3.210736000      0.348463000 
6        3.303959000      5.643851000      0.330130000 
6        2.429701000      6.696941000      0.134860000 
6        1.067473000      6.482700000     -0.205717000 
6       -2.291079000      0.758224000     -0.191057000 
1       -2.281260000      3.429921000     -0.992047000 
1       -1.349447000     -1.575273000     -1.058556000 
8       -2.745745000     -0.408216000      0.049461000 
8       -3.208899000      1.766075000     -0.161988000 
6        2.890797000     -3.198325000     -0.464747000 
6        4.255588000     -2.940522000     -0.150168000 
6        4.678362000     -1.605859000      0.105223000 
6       -1.627427000      5.999229000     -0.898033000 
6       -1.155550000      7.301822000     -0.787422000 
6        0.174909000      7.546940000     -0.440652000 
1       -2.665407000      5.813344000     -1.161049000 
6        0.188651000     -3.744937000     -1.115328000 
6        1.078963000     -4.770553000     -1.077978000 
6        2.464251000     -4.545064000     -0.745280000 
1       -0.853576000     -3.928448000     -1.363618000 
6        5.184552000     -4.009346000     -0.098776000 
6        4.754097000     -5.344291000     -0.369457000 
6        3.389717000     -5.576063000     -0.692401000 
1       -1.826060000      8.136719000     -0.969075000 
1        0.536349000      8.568025000     -0.354007000 
1        0.760990000     -5.786167000     -1.298171000 
1        3.068674000     -6.593321000     -0.904482000 
6        6.061641000     -1.346039000      0.421334000 
6        6.962570000     -2.423635000      0.476605000 
6        6.557204000     -3.750237000      0.222183000 
6        5.573861000      1.055476000      0.576049000 
6        6.469290000     -0.014679000      0.654407000 
6        5.116546000      3.459956000      0.658810000 
6        5.550627000      4.825887000      0.823520000 
6        4.690675000      5.862013000      0.664650000 
6        5.992198000      2.398796000      0.776086000 
1        8.004796000     -2.227033000      0.716105000 
1        7.512187000      0.183473000      0.888528000 
1        6.593785000      5.005615000      1.069266000 
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1        7.037021000      2.588976000      1.008965000 
6        5.698951000     -6.391764000     -0.311779000 
6        7.034467000     -6.136474000      0.004504000 
6        7.462298000     -4.839140000      0.267928000 
1        2.791143000      7.717785000      0.233968000 
1        5.033222000      6.886713000      0.781693000 
1        5.374207000     -7.408007000     -0.518509000 
1        7.744487000     -6.956898000      0.043642000 
1        8.503876000     -4.647713000      0.511628000 
1       -3.976337000      1.454111000      0.386067000 
93      -5.093977000     -1.168912000      0.271132000 
8       -4.880634000     -2.725226000     -0.590089000 
8       -5.368958000      0.446975000      1.063630000 
8       -3.470968000     -1.956506000      2.121394000 
8       -7.475913000     -1.067204000     -0.711040000 
8       -4.898876000      0.170079000     -1.949180000 
8       -6.440069000     -2.348737000      2.115335000 
1       -7.265993000     -1.989406000      2.476728000 
1       -6.552822000     -3.311147000      2.053790000 
1       -3.583386000     -1.528044000      2.985643000 
1       -2.656802000     -1.576845000      1.734429000 
1       -4.393417000     -0.289577000     -2.640234000 
1       -4.386207000      0.975684000     -1.736882000 
1       -7.632286000     -1.641058000     -1.479089000 
1       -7.811656000     -0.188464000     -0.953813000 
Np on 15-ring GOOH, CN = 5 
6        1.148150000     -2.488929000     -0.942983000 
6        2.330763000     -1.744574000     -0.588206000 
6        2.240219000     -0.335113000     -0.388491000 
6        0.995304000      0.330471000     -0.511003000 
6       -0.185126000     -0.422118000     -0.854013000 
6       -0.070935000     -1.830341000     -1.067432000 
6       -1.534049000      1.659481000     -0.724271000 
6       -0.332908000      2.403788000     -0.427034000 
6        0.911914000      1.739880000     -0.314500000 
6       -0.412187000      3.813359000     -0.230667000 
6       -1.661178000      4.481665000     -0.330966000 
6       -2.853804000      3.735171000     -0.612099000 
6       -2.763102000      2.338364000     -0.793831000 
6        2.093229000      2.484656000      0.006200000 
6        2.012171000      3.894372000      0.194814000 
6        0.769994000      4.555227000      0.074886000 
6        3.418273000      0.410582000     -0.056839000 
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6        3.336177000      1.819816000      0.134082000 
6        4.661110000     -0.254117000      0.074492000 
6        4.745459000     -1.661830000     -0.123269000 
6        3.573240000     -2.403133000     -0.460200000 
8       -2.544587000     -0.501604000     -1.221245000 
1       -0.940566000     -2.387063000     -1.407126000 
6       -1.733827000      5.897639000     -0.139067000 
6       -0.541599000      6.613706000      0.152257000 
6        0.685817000      5.980989000      0.264888000 
6       -4.087747000      4.427208000     -0.693321000 
6       -4.145494000      5.804564000     -0.511701000 
6       -2.989445000      6.537029000     -0.238985000 
6        1.274577000     -3.909206000     -1.165872000 
6        2.469879000     -4.541418000     -1.033835000 
6        3.668519000     -3.823808000     -0.674150000 
6        4.895017000     -4.454869000     -0.538859000 
6        6.074957000     -3.740170000     -0.197505000 
6        5.992061000     -2.327222000      0.007967000 
1       -5.100794000      6.316864000     -0.581427000 
1       -3.046494000      7.612669000     -0.096822000 
1        2.545713000     -5.612004000     -1.206323000 
1        4.964100000     -5.528087000     -0.701422000 
1        0.384442000     -4.465981000     -1.448186000 
1       -4.994532000      3.865122000     -0.901752000 
6        5.847791000      0.495927000      0.406863000 
6        7.071169000     -0.187808000      0.535593000 
6        7.171624000     -1.581040000      0.344636000 
6        1.897360000      6.702908000      0.573135000 
6        3.206162000      4.640294000      0.512785000 
6        3.091193000      6.067586000      0.691774000 
6        4.522809000      2.568893000      0.459699000 
6        5.742278000      1.892549000      0.589433000 
6        4.413994000      3.975328000      0.637837000 
1        7.966149000      0.375933000      0.787106000 
1        3.991996000      6.628425000      0.926579000 
1        6.637403000      2.458295000      0.835951000 
1        5.311669000      4.539587000      0.879153000 
6        7.326798000     -4.380183000     -0.059244000 
6        8.469664000     -3.650469000      0.271477000 
6        8.401324000     -2.275674000      0.470835000 
1       -0.602181000      7.689993000      0.295449000 
1        1.830667000      7.778766000      0.711783000 
1        7.391379000     -5.453593000     -0.215316000 
1        9.422414000     -4.161816000      0.372697000 
1        9.296949000     -1.715734000      0.725923000 
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6       -1.403380000      0.264658000     -0.935782000 
1       -3.687377000      1.791902000     -0.962892000 
93      -4.035602000     -2.007033000      0.342960000 
8       -3.567325000     -3.439957000     -0.607936000 
8       -4.551163000     -0.613615000      1.324152000 
8       -6.470735000     -2.801727000      0.399948000 
8       -1.775851000     -1.907304000      1.472324000 
8       -4.192506000     -3.542049000      2.378627000 
1       -6.621029000     -3.760403000      0.346661000 
1       -6.975324000     -2.487396000      1.168964000 
1       -3.587285000     -4.299678000      2.306489000 
1       -4.001930000     -3.124944000      3.235640000 
1       -1.029360000     -2.090493000      0.856098000 
1       -1.583391000     -1.031022000      1.848411000 
8       -5.179468000     -1.068696000     -1.799275000 
1       -5.256518000     -1.749178000     -2.489823000 
1       -6.064663000     -0.680722000     -1.698586000 
1       -3.152707000     -0.000212000     -1.792497000 
Pu Complexed with one GO sheet (Optimized at B3LYP/ECP60MWB-SEG/6-31G(d) level of 
theory) 
Pu on 15-ring GOCOO-, CN = 5 (not verified as ground state) 
6       -2.044894000      3.952235000      0.003064000 
6       -0.760690000      4.585839000      0.018679000 
6        0.414947000      3.796306000      0.017123000 
6        0.322145000      2.374858000      0.005047000 
6       -0.971007000      1.736268000     -0.013537000 
6       -2.123202000      2.546663000     -0.016730000 
6       -1.049986000      0.313650000      0.000932000 
6        0.118883000     -0.475775000      0.022274000 
6        1.407637000      0.172509000      0.009846000 
6        1.497792000      1.593565000      0.009009000 
6        2.589609000     -0.608039000      0.002062000 
6        2.510906000     -2.029074000     -0.001887000 
6        1.220224000     -2.671213000      0.009394000 
6        0.072294000     -1.900602000      0.025475000 
6        2.781315000      2.232276000      0.012440000 
6        3.959821000      1.450396000      0.005497000 
6        3.872531000      0.030650000     -0.003044000 
6        1.693269000      4.432912000      0.027961000 
6        2.870077000      3.653226000      0.022801000 
6        1.777131000      5.872529000      0.042378000 
6        0.613393000      6.622495000      0.047412000 
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6       -0.670073000      6.010440000      0.035856000 
6       -2.407372000     -0.349948000     -0.006259000 
1       -3.101965000      2.080788000     -0.047684000 
1       -0.892894000     -2.393235000      0.055390000 
8       -2.718256000     -1.107423000      0.957761000 
8       -3.189349000     -0.116349000     -0.974552000 
6        3.689734000     -2.807832000     -0.015558000 
6        4.966118000     -2.169475000     -0.022645000 
6        5.049319000     -0.749793000     -0.014450000 
6       -3.211121000      4.758517000      0.007443000 
6       -3.114359000      6.144902000      0.026728000 
6       -1.862629000      6.765520000      0.040112000 
1       -4.184490000      4.275969000     -0.002791000 
6        1.169761000     -4.114942000      0.004409000 
6        2.302336000     -4.861988000     -0.011660000 
6        3.609523000     -4.246546000     -0.022068000 
1        0.193649000     -4.591951000      0.011887000 
6        6.148072000     -2.950715000     -0.036893000 
6        6.059933000     -4.375732000     -0.045504000 
6        4.777974000     -4.991243000     -0.037504000 
1       -4.015017000      6.750719000      0.031148000 
1       -1.797833000      7.850279000      0.054119000 
1        2.246441000     -5.947032000     -0.016717000 
1        4.719991000     -6.076876000     -0.043252000 
6        6.339198000     -0.106698000     -0.017741000 
6        7.498999000     -0.904490000     -0.032114000 
6        7.432886000     -2.311399000     -0.042609000 
6        5.249349000      2.094372000      0.006060000 
6        6.404137000      1.303715000     -0.006185000 
6        4.165244000      4.293678000      0.028242000 
6        4.216962000      5.737110000      0.042998000 
6        3.085647000      6.485290000      0.050449000 
6        5.308532000      3.516082000      0.018944000 
1        8.472887000     -0.421029000     -0.035328000 
1        7.378254000      1.786343000     -0.007099000 
1        5.192915000      6.214558000      0.048255000 
1        6.283613000      3.996715000      0.021493000 
6        7.254522000     -5.129465000     -0.061115000 
6        8.503927000     -4.504922000     -0.067542000 
6        8.599198000     -3.118053000     -0.058155000 
1        0.675684000      7.707832000      0.059499000 
1        3.143034000      7.570205000      0.061830000 
1        7.192249000     -6.214320000     -0.068102000 
1        9.406158000     -5.108416000     -0.079701000 
1        9.573337000     -2.636947000     -0.062763000 
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94      -5.049895000     -1.557749000      0.013107000 
8       -4.434107000     -3.054251000     -0.722025000 
8       -5.721540000     -0.080279000      0.740779000 
8       -4.699544000     -2.421853000      2.413459000 
8       -5.471670000     -0.748626000     -2.408690000 
8       -7.415953000     -2.484380000     -0.103958000 
1       -8.208411000     -1.929204000     -0.038413000 
1       -7.679051000     -3.322370000     -0.514627000 
1       -5.088279000     -1.770209000      3.020613000 
1       -3.740950000     -2.235686000      2.427142000 
1       -5.202827000     -1.492357000     -2.973875000 
1       -4.701060000     -0.148477000     -2.411907000 
Pu on 15-ring GOO-, CN = 5 
6        1.174243000     -2.534988000     -0.774549000 
6        2.366778000     -1.788865000     -0.480952000 
6        2.293360000     -0.377692000     -0.299072000 
6        1.045053000      0.289699000     -0.386738000 
6       -0.137856000     -0.468772000     -0.642162000 
6       -0.046568000     -1.861460000     -0.847753000 
6       -1.467878000      1.645133000     -0.572283000 
6       -0.251963000      2.379492000     -0.331512000 
6        0.985013000      1.712018000     -0.224757000 
6       -0.310853000      3.794410000     -0.188699000 
6       -1.554037000      4.469656000     -0.298755000 
6       -2.753960000      3.729754000     -0.547788000 
6       -2.675217000      2.319584000     -0.672633000 
6        2.176854000      2.451532000      0.033269000 
6        2.116887000      3.867591000      0.183206000 
6        0.880898000      4.536835000      0.069258000 
6        3.488668000      0.367400000     -0.026651000 
6        3.422886000      1.779249000      0.139267000 
6        4.729589000     -0.301718000      0.072387000 
6        4.800289000     -1.715162000     -0.107422000 
6        3.616170000     -2.455485000     -0.390933000 
8       -2.499686000     -0.487211000     -0.811063000 
1       -0.944846000     -2.406634000     -1.129195000 
6       -1.610662000      5.891097000     -0.158369000 
6       -0.408060000      6.610531000      0.097573000 
6        0.812389000      5.972043000      0.214510000 
6       -3.980929000      4.419615000     -0.657019000 
6       -4.027598000      5.803849000     -0.523713000 
6       -2.861078000      6.530251000     -0.277306000 
6        1.282687000     -3.954656000     -0.989239000 
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6        2.480434000     -4.592318000     -0.896671000 
6        3.692661000     -3.875633000     -0.590034000 
6        4.925329000     -4.513472000     -0.490097000 
6        6.113859000     -3.800070000     -0.200602000 
6        6.046632000     -2.384286000     -0.010951000 
1       -4.976332000      6.324458000     -0.610475000 
1       -2.910576000      7.611064000     -0.173601000 
1        2.545423000     -5.664715000     -1.060351000 
1        4.982932000     -5.588789000     -0.640669000 
1        0.380140000     -4.509597000     -1.232729000 
1       -4.890076000      3.855188000     -0.845411000 
6        5.928599000      0.445642000      0.350435000 
6        7.156274000     -0.245123000      0.448193000 
6        7.242257000     -1.639482000      0.274464000 
6        2.038764000      6.690570000      0.479347000 
6        3.327076000      4.611993000      0.449504000 
6        3.227186000      6.046810000      0.591577000 
6        4.619870000      2.526204000      0.408310000 
6        5.839918000      1.843609000      0.511711000 
6        4.529231000      3.940764000      0.558253000 
1        8.061746000      0.317966000      0.660057000 
1        4.137937000      6.605023000      0.791080000 
1        6.746304000      2.407640000      0.717408000 
1        5.439171000      4.500743000      0.759645000 
6        7.373056000     -4.445144000     -0.096331000 
6        8.527598000     -3.718261000      0.184610000 
6        8.473068000     -2.338313000      0.367918000 
1       -0.459875000      7.691358000      0.203867000 
1        1.985459000      7.770474000      0.587748000 
1        7.426548000     -5.520749000     -0.240018000 
1        9.480952000     -4.232704000      0.260100000 
1        9.379638000     -1.779980000      0.584219000 
6       -1.429805000      0.191665000     -0.687635000 
1       -3.581147000      1.749369000     -0.854379000 
94      -4.133285000     -1.879928000      0.185832000 
8       -3.885565000     -3.114815000     -1.062893000 
8       -4.415849000     -0.710365000      1.491110000 
8       -6.673745000     -2.358883000      0.806016000 
8       -1.990901000     -2.289217000      1.673208000 
8       -4.268528000     -3.932336000      1.797481000 
1       -6.880082000     -3.267218000      1.082589000 
1       -6.711948000     -1.824812000      1.619063000 
1       -4.052743000     -4.699155000      1.239491000 
1       -3.471278000     -3.785101000      2.339073000 
1       -1.161285000     -2.273717000      1.155830000 
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1       -1.986932000     -1.471605000      2.200384000 
8       -5.867547000     -0.839065000     -1.386443000 
1       -5.782992000     -1.206921000     -2.282059000 
1       -6.715457000     -1.169819000     -1.038224000 
Pu on 15-ring GOCOOH (monodentate), CN = 5 
6       -0.813050000      4.805299000      0.093064000 
6        0.585965000      5.079310000      0.042789000 
6        1.503130000      4.003042000     -0.003921000 
6        1.036065000      2.650685000     -0.023073000 
6       -0.380747000      2.371913000     -0.030943000 
6       -1.258659000      3.473711000      0.065512000 
6       -0.830930000      1.002196000     -0.067336000 
6        0.112943000     -0.073930000     -0.004946000 
6        1.527860000      0.234394000     -0.008327000 
6        1.975991000      1.588022000     -0.029454000 
6        2.485523000     -0.818346000      0.004361000 
6        2.068855000     -2.177286000      0.030989000 
6        0.665326000     -2.477249000      0.041161000 
6       -0.259172000     -1.446312000      0.015003000 
6        3.383267000      1.879599000     -0.040827000 
6        4.327398000      0.826710000     -0.037353000 
6        3.887564000     -0.523289000     -0.012056000 
6        2.902539000      4.287774000     -0.028131000 
6        3.837835000      3.230232000     -0.050031000 
6        3.361849000      5.652550000     -0.025962000 
6        2.436019000      6.686631000      0.013459000 
6        1.044632000      6.431045000      0.055711000 
6       -2.267045000      0.697733000     -0.206603000 
1       -2.325001000      3.311058000      0.111477000 
1       -1.305992000     -1.707362000      0.038418000 
8       -2.827895000     -0.305678000      0.290943000 
8       -2.974345000      1.554029000     -0.941300000 
6        3.015201000     -3.226285000      0.046740000 
6        4.408166000     -2.925815000      0.029579000 
6        4.835556000     -1.573214000     -0.001034000 
6       -1.726818000      5.890393000      0.165027000 
6       -1.274160000      7.205083000      0.174231000 
6        0.093364000      7.477606000      0.118247000 
1       -2.792048000      5.680430000      0.205183000 
6        0.254193000     -3.860691000      0.080370000 
6        1.162318000     -4.869623000      0.098922000 
6        2.580390000     -4.599232000      0.079515000 
1       -0.810137000     -4.079088000      0.102236000 
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6        5.359645000     -3.975401000      0.043476000 
6        4.922409000     -5.332322000      0.076018000 
6        3.526878000     -5.611442000      0.093774000 
1       -1.985289000      8.023352000      0.224292000 
1        0.442604000      8.506328000      0.126207000 
1        0.836045000     -5.905334000      0.131378000 
1        3.201660000     -6.648450000      0.119777000 
6        6.245621000     -1.274593000     -0.018766000 
6        7.172794000     -2.331135000     -0.005700000 
6        6.760934000     -3.677265000      0.025618000 
6        5.739754000      1.124873000     -0.054749000 
6        6.662555000      0.073406000     -0.047012000 
6        5.251065000      3.522859000     -0.071288000 
6        5.679930000      4.898411000     -0.081389000 
6        4.779117000      5.913067000     -0.059407000 
6        6.161220000      2.478886000     -0.076067000 
1        8.235706000     -2.102585000     -0.019246000 
1        7.725754000      0.298875000     -0.060632000 
1        6.745878000      5.105155000     -0.103288000 
1        7.226041000      2.695787000     -0.091322000 
6        5.892341000     -6.356857000      0.089950000 
6        7.260046000     -6.065287000      0.072359000 
6        7.693670000     -4.745952000      0.040575000 
1        2.784315000      7.716231000      0.018847000 
1        5.112173000      6.946848000     -0.063593000 
1        5.564547000     -7.392719000      0.115169000 
1        7.983149000     -6.874166000      0.083867000 
1        8.756453000     -4.520873000      0.027151000 
1       -3.939331000      1.323301000     -0.862853000 
94      -5.204948000     -1.115751000     -0.013186000 
8       -4.838850000     -2.795117000      0.392025000 
8       -5.545424000      0.580638000     -0.499491000 
8       -4.686450000     -0.463273000      2.408445000 
8       -7.392657000     -1.770020000     -1.222911000 
8       -4.261057000     -1.638297000     -2.313398000 
8       -7.192804000     -1.181917000      1.596883000 
1       -8.031420000     -1.406390000      1.159750000 
1       -7.078257000     -1.824439000      2.317311000 
1       -5.087210000      0.353193000      2.749651000 
1       -3.727734000     -0.383270000      2.547590000 
1       -3.809362000     -2.478122000     -2.494962000 
1       -4.099056000     -1.056062000     -3.072899000 
1       -7.550418000     -2.660908000     -1.577177000 
1       -7.788177000     -1.146572000     -1.854849000 
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Pu on 15-ring GOOH, CN = 5 
6        0.954057000     -2.538397000     -0.654600000 
6        2.217203000     -1.888911000     -0.400646000 
6        2.265805000     -0.472939000     -0.256052000 
6        1.080693000      0.299326000     -0.344344000 
6       -0.176623000     -0.357468000     -0.599547000 
6       -0.201832000     -1.775567000     -0.752928000 
6       -1.312944000      1.845316000     -0.523669000 
6       -0.039452000      2.485925000     -0.298775000 
6        1.140801000      1.715410000     -0.210389000 
6        0.020967000      3.901970000     -0.155614000 
6       -1.162955000      4.676874000     -0.223502000 
6       -2.430257000      4.035557000     -0.418956000 
6       -2.478713000      2.635519000     -0.560459000 
6        2.400439000      2.360757000      0.015637000 
6        2.461602000      3.777294000      0.146324000 
6        1.278537000      4.545215000      0.061679000 
6        3.523062000      0.175054000     -0.027245000 
6        3.581818000      1.590477000      0.105704000 
6        4.704924000     -0.592572000      0.057383000 
6        4.652870000     -2.005059000     -0.084820000 
6        3.402679000     -2.653049000     -0.316717000 
8       -2.530035000     -0.215588000     -0.953542000 
1       -1.137032000     -2.266379000     -1.005049000 
6       -1.097446000      6.096636000     -0.082881000 
6        0.163961000      6.715484000      0.120422000 
6        1.336284000      5.977376000      0.196798000 
6       -3.602976000      4.834113000     -0.462878000 
6       -3.529427000      6.215785000     -0.329909000 
6       -2.296164000      6.844180000     -0.144057000 
6        0.939756000     -3.973661000     -0.814221000 
6        2.079076000     -4.706789000     -0.724380000 
6        3.357869000     -4.084326000     -0.473283000 
6        4.532298000     -4.814856000     -0.387835000 
6        5.788271000     -4.188238000     -0.153933000 
6        5.841962000     -2.770550000     -0.004187000 
1       -4.435543000      6.811846000     -0.369806000 
1       -2.249549000      7.924544000     -0.040105000 
1        2.048901000     -5.785621000     -0.848680000 
1        4.501384000     -5.895018000     -0.506100000 
1       -0.012018000     -4.458306000     -1.014165000 
1       -4.565841000      4.351095000     -0.605134000 
6        5.970437000      0.059790000      0.282661000 
6        7.137143000     -0.721807000      0.362254000 
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6        7.101006000     -2.122929000      0.223601000 
6        2.620347000      6.600552000      0.412190000 
6        3.732264000      4.427515000      0.368198000 
6        3.758172000      5.864826000      0.493969000 
6        4.847495000      2.244248000      0.329255000 
6        6.008000000      1.465956000      0.414002000 
6        4.881812000      3.660268000      0.454508000 
1        8.092491000     -0.231482000      0.532799000 
1        4.716384000      6.349333000      0.657604000 
1        6.964404000      1.954507000      0.582158000 
1        5.839247000      4.146714000      0.621447000 
6        6.989442000     -4.925195000     -0.069546000 
6        8.215885000     -4.293349000      0.154948000 
6        8.276927000     -2.912542000      0.299809000 
1        0.205705000      7.796739000      0.223066000 
1        2.656518000      7.681737000      0.509592000 
1        6.954148000     -6.005335000     -0.183414000 
1        9.123364000     -4.885210000      0.214728000 
1        9.231699000     -2.423748000      0.472533000 
6       -1.331402000      0.437762000     -0.696245000 
1       -3.453986000      2.168778000     -0.668627000 
94      -4.334100000     -1.782157000      0.271915000 
8       -3.634860000     -3.207595000     -0.510616000 
8       -5.054898000     -0.370295000      1.055607000 
8       -6.706750000     -2.466240000     -0.455753000 
8       -2.287508000     -1.585312000      1.744822000 
8       -5.064478000     -3.234009000      2.213345000 
1       -6.882168000     -3.398703000     -0.667794000 
1       -7.438967000     -2.178674000      0.115650000 
1       -4.656455000     -4.100612000      2.376074000 
1       -5.299188000     -2.867806000      3.082061000 
1       -1.431866000     -1.821619000      1.338453000 
1       -2.141824000     -0.752501000      2.223213000 
8       -4.877702000     -0.798255000     -2.094022000 
1       -4.690779000     -1.438813000     -2.802291000 
1       -5.818386000     -0.570089000     -2.190598000 
1       -3.087446000      0.289837000     -1.572736000 
Eu Complexed with one GO sheet (Optimized at B3LYP/Stuttgart RSC 1997/6-31G(d) level of 
theory) 
Eu on three-ring GOCOO-, CN = 5 
6        0.058668000     -1.773200000      0.100542000 
6        1.253212000     -1.045744000     -0.035599000 
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6        1.206916000      0.395287000     -0.099830000 
6       -0.060101000      1.054212000     -0.052685000 
6       -1.267682000      0.300576000      0.068059000 
6       -1.192903000     -1.137823000      0.160787000 
6       -2.375798000     -1.902142000      0.306143000 
6       -3.618219000     -1.283288000      0.364994000 
6       -3.699938000      0.115271000      0.276110000 
6       -2.554978000      0.893186000      0.129283000 
6        2.440009000      1.082804000     -0.237661000 
6        3.646130000      0.391975000     -0.309735000 
6        3.682149000     -1.009936000     -0.243798000 
6        2.496101000     -1.719954000     -0.106480000 
1        0.104240000     -2.857983000      0.159750000 
1       -2.299107000     -2.983685000      0.372016000 
1       -4.519298000     -1.877448000      0.477562000 
1       -4.670657000      0.599296000      0.318805000 
1       -2.650412000      1.966821000      0.039983000 
1        2.445287000      2.164025000     -0.269171000 
1        4.572626000      0.947700000     -0.415871000 
1        4.629904000     -1.535600000     -0.299332000 
1        2.510302000     -2.804837000     -0.053675000 
6       -0.122793000      2.568924000     -0.132936000 
8       -0.934574000      3.105937000     -0.950285000 
8        0.638684000      3.259084000      0.613318000 
8       -2.468381000      6.524413000      0.223907000 
63      -0.267703000      5.391569000     -0.338557000 
8        0.822243000      6.285363000     -2.442191000 
8        1.042346000      5.817071000      1.741506000 
1       -2.685099000      7.058351000      1.007574000 
1       -3.287184000      6.505182000     -0.300945000 
1        1.397348000      7.061373000     -2.558012000 
1        0.740018000      5.898227000     -3.331091000 
1        1.339570000      4.952889000      2.079646000 
1        1.392309000      6.492221000      2.345512000 
Eu on six-ring GOCOO-, CN = 5 
6       -2.870533000      2.412941000     -0.408376000 
6       -2.140606000      1.187554000     -0.415331000 
6       -0.731290000      1.233007000     -0.241909000 
6       -0.067697000      2.477929000     -0.069718000 
6       -0.819517000      3.701700000     -0.063297000 
6       -2.240293000      3.617182000     -0.238129000 
6       -0.132271000      4.938930000      0.081605000 
6        1.282506000      4.970131000      0.247500000 
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6        2.016014000      3.736748000      0.268138000 
6        1.343472000      2.502080000      0.100781000 
6        3.431678000      3.745335000      0.454311000 
6        4.098686000      4.977977000      0.631219000 
6        3.388628000      6.176656000      0.622977000 
6        2.011582000      6.178698000      0.433091000 
6        2.089028000      1.275722000      0.106918000 
6        3.503502000      1.316257000      0.289407000 
6        4.151471000      2.512129000      0.459590000 
6        0.015551000      0.010211000     -0.242203000 
6        1.409825000      0.057758000     -0.066167000 
6       -0.668040000     -1.221189000     -0.417328000 
6       -2.049281000     -1.253411000     -0.588147000 
6       -2.778214000     -0.064797000     -0.587056000 
6       -0.910301000      6.236818000      0.053192000 
1       -3.948596000      2.379743000     -0.537712000 
1       -2.825972000      4.525868000     -0.213445000 
1        5.175302000      4.981439000      0.775847000 
1        3.914713000      7.115327000      0.763984000 
1        1.481516000      7.121497000      0.413377000 
1        4.060053000      0.383796000      0.292927000 
1        5.228052000      2.536187000      0.599976000 
1        1.977307000     -0.869483000     -0.063211000 
1       -0.097380000     -2.145633000     -0.416272000 
1       -2.558453000     -2.202134000     -0.721241000 
1       -3.856387000     -0.092042000     -0.719396000 
8       -0.535914000      7.170115000     -0.728133000 
8       -1.925492000      6.372080000      0.810484000 
8       -4.391231000      8.968087000     -1.365856000 
63      -2.303276000      8.698906000      0.058614000 
8       -0.400803000     10.038624000     -0.860515000 
8       -2.507407000      8.600829000      2.542308000 
1       -5.319751000      8.956800000     -1.076651000 
1       -4.430335000      9.099343000     -2.328818000 
1       -0.083556000     10.941431000     -1.026196000 
1        0.258886000      9.432552000     -1.241522000 
1       -2.369346000      7.674775000      2.811922000 
1       -2.647332000      9.115055000      3.354121000 
Eu on ten-ring GOCOO-, CN = 5 
6        2.254053000      3.505060000      0.025838000 
6        1.133041000      4.397006000     -0.012032000 
6       -0.180744000      3.867351000     -0.031656000 
6       -0.391601000      2.458846000     -0.015520000 
 160 
 
6       -1.935256000      0.545730000     -0.022602000 
6       -1.707591000      1.948573000     -0.035665000 
6       -3.261795000      0.049987000     -0.021176000 
6       -3.512609000     -1.342237000      0.008045000 
6       -2.406536000     -2.259542000      0.034798000 
6       -2.827265000      2.862050000     -0.064274000 
6       -4.131708000      2.348854000     -0.070321000 
6       -4.378571000      0.965008000     -0.045379000 
6       -1.301212000      4.773716000     -0.067543000 
6       -2.590566000      4.255450000     -0.082043000 
6       -1.056648000      6.190690000     -0.084537000 
6        0.210899000      6.686577000     -0.066184000 
6        1.347394000      5.807184000     -0.028657000 
6        1.678357000     -0.798829000     -0.006380000 
8        1.712750000     -1.751714000     -0.855251000 
8        2.635674000     -0.639398000      0.825546000 
6       -4.843360000     -1.834641000      0.015587000 
6       -5.951533000     -0.921171000     -0.012143000 
6       -5.691810000      0.458625000     -0.043036000 
6        3.565236000      4.050021000      0.047915000 
6        3.761267000      5.421847000      0.031236000 
6        2.664654000      6.294422000     -0.007152000 
1        4.416260000      3.375407000      0.079995000 
6       -2.686249000     -3.671198000      0.075400000 
6       -3.964348000     -4.138920000      0.083405000 
6       -5.087509000     -3.238194000      0.052253000 
1       -1.849440000     -4.363859000      0.101648000 
6       -7.275474000     -1.436630000     -0.005268000 
6       -7.496604000     -2.802721000      0.029495000 
6       -6.413352000     -3.695553000      0.058614000 
1       -4.972189000      3.038075000     -0.091458000 
1       -3.440309000      4.932683000     -0.105477000 
1        0.382987000      7.758852000     -0.079117000 
1       -1.910701000      6.861083000     -0.111904000 
1       -6.525900000      1.155787000     -0.064186000 
1        4.767768000      5.827715000      0.048754000 
1        2.831049000      7.367919000     -0.019759000 
1       -4.159544000     -5.207101000      0.114415000 
1       -8.510456000     -3.189543000      0.035040000 
1       -8.112473000     -0.744593000     -0.026796000 
1       -6.602954000     -4.765220000      0.086952000 
6       -0.820134000     -0.374723000     -0.013583000 
6       -1.106867000     -1.763248000      0.021003000 
6        0.506331000      0.146616000      0.006189000 
6        0.737852000      1.553754000      0.023352000 
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6        2.033622000      2.117488000      0.040043000 
1       -0.287204000     -2.470001000      0.025110000 
1        2.894419000      1.463253000      0.087961000 
8        5.987796000     -2.030925000     -1.167416000 
63       3.821301000     -2.645657000      0.021471000 
8        2.581768000     -4.350891000     -1.324878000 
8        3.670987000     -2.624413000      2.507406000 
1        6.841460000     -1.784777000     -0.772362000 
1        6.131014000     -1.979755000     -2.127854000 
1        2.576089000     -5.242626000     -1.707604000 
1        1.802545000     -3.879308000     -1.671353000 
1        3.191180000     -1.796844000      2.699211000 
1        3.842453000     -3.065560000      3.354684000 
Eu on 15-ring GOCOO-, CN = 5 
6       -3.259727000      3.271572000      0.076028000 
6       -2.095931000      4.101986000      0.042195000 
6       -0.811917000      3.505852000      0.012077000 
6       -0.675020000      2.083835000      0.012359000 
6       -1.848667000      1.242100000      0.020755000 
6       -3.110632000      1.873915000      0.063949000 
6       -1.693038000     -0.180156000      0.040264000 
6       -0.399749000     -0.768615000      0.066521000 
6        0.763972000      0.088409000      0.028389000 
6        0.616118000      1.505181000      0.003661000 
6        2.065302000     -0.481312000      0.017597000 
6        2.236098000     -1.892914000      0.039726000 
6        1.075249000     -2.741920000      0.074517000 
6       -0.187344000     -2.177525000      0.083944000 
6        1.777988000      2.349084000     -0.024396000 
6        3.070383000      1.775790000     -0.037417000 
6        3.222574000      0.362987000     -0.017700000 
6        0.345391000      4.342840000     -0.014621000 
6        1.634196000      3.765800000     -0.036669000 
6        0.198115000      5.775979000     -0.018422000 
6       -1.071732000      6.331933000      0.012005000 
6       -2.235867000      5.522926000      0.046090000 
1       -4.006462000      1.267191000      0.079029000 
1       -1.045390000     -2.834186000      0.130765000 
8       -3.004805000     -2.060240000      0.799950000 
8       -3.857528000     -0.806876000     -0.813808000 
6        3.529281000     -2.462045000      0.028213000 
6        4.677446000     -1.617182000     -0.007113000 
6        4.515542000     -0.206959000     -0.029702000 
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6       -4.538884000      3.885312000      0.121667000 
6       -4.667947000      5.269288000      0.126657000 
6       -3.533956000      6.082666000      0.087323000 
1       -5.424385000      3.255951000      0.154050000 
6        1.271244000     -4.172912000      0.098904000 
6        2.512641000     -4.720600000      0.088254000 
6        3.696041000     -3.893178000      0.051805000 
1        0.391135000     -4.809470000      0.128682000 
6        5.974993000     -2.185580000     -0.018749000 
6        6.131845000     -3.602990000      0.004859000 
6        4.973432000     -4.429120000      0.039920000 
1       -5.653653000      5.722460000      0.161699000 
1       -3.641700000      7.163675000      0.090728000 
1        2.640632000     -5.799251000      0.108113000 
1        5.102052000     -5.508419000      0.058008000 
6        5.678514000      0.643674000     -0.063734000 
6        6.956828000      0.057760000     -0.075492000 
6        7.131521000     -1.339238000     -0.053724000 
6        4.234828000      2.627271000     -0.069392000 
6        5.506526000      2.044698000     -0.083087000 
6        2.803311000      4.613706000     -0.066932000 
6        2.622986000      6.044831000     -0.075746000 
6        1.384287000      6.597082000     -0.051762000 
6        4.060796000      4.036810000     -0.084442000 
1        7.833428000      0.700554000     -0.101436000 
1        6.384590000      2.684992000     -0.107984000 
1        3.507945000      6.674089000     -0.100212000 
1        4.942274000      4.672186000     -0.107939000 
6        7.436566000     -4.140544000     -0.007279000 
6        8.564125000     -3.314434000     -0.041681000 
6        8.419816000     -1.932874000     -0.064684000 
1       -1.182713000      7.413177000      0.012120000 
1        1.261586000      7.676306000     -0.056693000 
1        7.561785000     -5.219902000      0.010690000 
1        9.555122000     -3.756354000     -0.050270000 
1        9.297048000     -1.292450000     -0.091143000 
6       -2.909925000     -1.056309000      0.009968000 
8       -5.155338000     -4.837686000     -1.305436000 
63      -5.247830000     -2.644551000     -0.008875000 
8       -6.565274000     -0.968067000     -1.319183000 
8       -5.150916000     -2.543257000      2.476734000 
1       -5.128500000     -5.744747000     -0.957042000 
1       -5.096798000     -4.935904000     -2.270852000 
1       -7.410851000     -0.702885000     -1.713832000 
1       -5.888600000     -0.332692000     -1.617197000 
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1       -4.216588000     -2.297730000      2.620204000 
1       -5.583482000     -2.582148000      3.344172000 
Eu on three-ring GOO-, CN = 5 
6       -1.651391000      0.755049000      0.555683000 
6       -0.961337000     -0.446891000      0.308465000 
6        0.394168000     -0.422039000      0.025172000 
6        1.102994000      0.805008000     -0.024570000 
6        0.395263000      2.028210000      0.213812000 
6       -0.980470000      1.970903000      0.507369000 
6        1.101488000      3.295487000      0.149504000 
6        2.528846000      3.294171000     -0.106788000 
6        3.209720000      2.052424000     -0.334944000 
6        2.489547000      0.838222000     -0.297581000 
6        4.603629000      2.068965000     -0.593931000 
6        5.303748000      3.263925000     -0.621689000 
6        4.632848000      4.479394000     -0.390815000 
6        3.266286000      4.491561000     -0.139303000 
1       -2.710296000      0.726493000      0.794452000 
1       -1.491389000     -1.393179000      0.347595000 
1        0.931680000     -1.347866000     -0.158525000 
1       -1.511193000      2.893335000      0.723272000 
8        0.464193000      4.400908000      0.311001000 
1        3.016180000     -0.095500000     -0.475559000 
1        5.118078000      1.128424000     -0.768488000 
1        6.371051000      3.263812000     -0.818836000 
1        5.191012000      5.410491000     -0.408472000 
1        2.754308000      5.430423000      0.046692000 
8       -2.367153000      5.039399000     -0.963674000 
63      -0.627671000      6.411696000      0.336182000 
8        1.342507000      8.017034000      0.723482000 
8       -1.772802000      6.835274000      2.563108000 
1       -3.324871000      5.098400000     -1.119908000 
1       -2.124899000      4.117976000     -1.161941000 
1        1.846484000      8.524685000      0.065102000 
1        1.780894000      8.203065000      1.571669000 
1       -2.255602000      7.626133000      2.859821000 
1       -1.830260000      6.213628000      3.309456000 
8       -1.126398000      7.760619000     -1.752521000 
1       -1.558778000      7.324157000     -2.506116000 
1       -1.006505000      8.686322000     -2.023888000 
Eu on six-ring GOO-, CN = 5 
6       -2.868065000      2.406301000      0.020312000 
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6       -2.161588000      1.167297000     -0.010098000 
6       -0.736971000      1.191426000     -0.018643000 
6       -0.038897000      2.429286000     -0.008614000 
6       -0.770457000      3.652828000      0.006337000 
6       -0.071918000      4.912932000     -0.006730000 
6        1.376737000      4.913181000      0.012780000 
6        2.086763000      3.673085000      0.005636000 
6        1.387941000      2.436602000     -0.010552000 
6        3.514454000      3.675745000      0.014227000 
6        4.196920000      4.908580000      0.035399000 
6        3.498195000      6.112779000      0.048764000 
6        2.103380000      6.115337000      0.036344000 
6        2.111251000      1.206270000     -0.022246000 
6        3.544711000      1.238625000     -0.017356000 
6        4.217898000      2.426201000      0.001213000 
6       -0.007618000     -0.042545000     -0.034296000 
6        1.401888000     -0.007455000     -0.035846000 
6       -0.725740000     -1.264644000     -0.044928000 
6       -2.118935000     -1.276871000     -0.038247000 
6       -2.831632000     -0.079483000     -0.020109000 
8       -0.732927000      6.025984000     -0.042675000 
1       -3.954112000      2.387048000      0.050939000 
1       -2.743434000      4.535886000      0.093100000 
1        5.283313000      4.910904000      0.043447000 
1        4.044847000      7.050466000      0.070895000 
1        4.087826000      0.298243000     -0.027015000 
1        5.303898000      2.440845000      0.006457000 
1        1.954307000     -0.943500000     -0.045771000 
1       -0.173801000     -2.200228000     -0.057230000 
1       -2.650987000     -2.222607000     -0.045175000 
1       -3.917974000     -0.095340000     -0.010803000 
6       -2.192747000      3.602377000      0.030471000 
1        1.562616000      7.056354000      0.056309000 
8       -3.206183000      6.534878000     -1.863240000 
63      -1.712453000      8.032658000     -0.396354000 
8        0.205245000      9.659851000      0.166098000 
8       -3.190420000      8.659232000      1.579565000 
1       -4.123324000      6.534040000     -2.184545000 
1       -2.925533000      5.602561000     -1.857393000 
1        0.837626000     10.079272000     -0.441304000 
1        0.506751000      9.912142000      1.055588000 
1       -3.708211000      9.468562000      1.730469000 
1       -3.362463000      8.102422000      2.358417000 
8       -1.792670000      9.103170000     -2.697186000 
1       -2.114891000      8.554642000     -3.432178000 
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1       -1.586756000      9.969068000     -3.086979000 
Eu on ten-ring GOO-, CN = 5 
6       -2.951582000     -1.318603000     -0.512893000 
6       -3.596024000     -0.070220000     -0.202127000 
6       -2.815841000      1.103226000     -0.028115000 
6       -1.405376000      1.054515000     -0.143554000 
6        1.438734000      0.954479000     -0.398942000 
6        0.766316000      2.202989000     -0.133009000 
6       -0.637167000      2.246335000      0.006410000 
6        1.529691000      3.394662000     -0.008848000 
6        2.939571000      3.359984000     -0.159042000 
6        3.601741000      2.116818000     -0.434453000 
6       -1.290960000      3.496038000      0.282955000 
6       -0.510522000      4.670908000      0.410470000 
6        0.871171000      4.647907000      0.267957000 
6       -3.471764000      2.359435000      0.261169000 
6       -2.692176000      3.522346000      0.411815000 
6       -4.874327000      2.388673000      0.376361000 
6       -5.659810000      1.233095000      0.203769000 
6       -5.011511000     -0.012544000     -0.096037000 
8        1.270955000     -1.410760000     -0.674970000 
1       -1.074275000     -2.273696000     -0.926439000 
6        3.705717000      4.560502000     -0.042527000 
6        3.023121000      5.798288000      0.235976000 
6        1.672246000      5.839154000      0.385181000 
6        5.010682000      2.107060000     -0.592044000 
6        5.740144000      3.278359000     -0.479197000 
6        5.094796000      4.494788000     -0.205413000 
6       -3.768685000     -2.482426000     -0.723821000 
6       -5.125125000     -2.420050000     -0.617022000 
6       -5.794053000     -1.187403000     -0.296304000 
6       -7.191072000     -1.103799000     -0.185323000 
6       -7.821806000      0.110968000      0.115685000 
6       -7.074333000      1.263197000      0.306804000 
1       -1.010943000      5.613148000      0.617810000 
1       -3.186844000      4.466622000      0.623543000 
1       -5.365191000      3.333185000      0.596983000 
1        3.613745000      6.705666000      0.323462000 
1        1.169611000      6.779204000      0.593551000 
1        6.818316000      3.261974000     -0.604176000 
1        5.681212000      5.405455000     -0.120136000 
1       -5.729765000     -3.307623000     -0.781493000 
1       -7.789556000     -1.997389000     -0.339693000 
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1       -8.903630000      0.148267000      0.194705000 
1       -7.567002000      2.204365000      0.533571000 
1       -3.281866000     -3.420251000     -0.979484000 
1        5.513501000      1.167574000     -0.806701000 
6       -0.763811000     -0.199414000     -0.422994000 
6       -1.557545000     -1.352556000     -0.610491000 
6        0.672066000     -0.265926000     -0.510590000 
6        2.826559000      0.942961000     -0.540311000 
1        3.326186000      0.002781000     -0.757260000 
8       -0.050298000     -3.063775000      1.632601000 
63       2.085568000     -3.330227000      0.317735000 
8        3.221582000     -2.868098000     -1.888670000 
8        1.720352000     -5.617934000     -0.721376000 
1       -0.496249000     -3.430037000      2.413475000 
1       -0.668788000     -2.409396000      1.246181000 
1        3.919392000     -2.988734000     -2.551776000 
1        2.717386000     -2.066333000     -2.128272000 
1        1.300027000     -6.431807000     -0.396532000 
1        1.944137000     -5.796502000     -1.650436000 
8        3.828640000     -3.198191000      2.172150000 
1        3.813163000     -2.602760000      2.940824000 
1        4.662403000     -3.691838000      2.254160000 
Eu on 15-ring GOO-, CN = 5 
6        1.348654000     -2.668591000     -0.571530000 
6        2.335895000     -1.640939000     -0.359583000 
6        1.925683000     -0.281995000     -0.235114000 
6        0.554294000      0.062043000     -0.320386000 
6       -1.809298000     -0.632906000     -0.593868000 
6       -2.204891000      0.755829000     -0.514772000 
6       -1.207018000      1.773056000     -0.296241000 
6        0.156650000      1.427683000     -0.197652000 
6       -1.605597000      3.137673000     -0.193095000 
6       -2.973094000      3.495066000     -0.314939000 
6       -3.960271000      2.485418000     -0.564521000 
6       -3.546057000      1.134612000     -0.656508000 
6        1.138427000      2.444559000      0.013551000 
6        0.739053000      3.807832000      0.131121000 
6       -0.624237000      4.153916000      0.028754000 
6        2.909333000      0.740026000     -0.024573000 
6        2.508678000      2.098968000      0.100856000 
6        4.276454000      0.396132000      0.056775000 
6        4.683144000     -0.961316000     -0.071746000 
6        3.707212000     -1.980707000     -0.280652000 
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1       -4.280751000      0.378235000     -0.921083000 
6       -3.366905000      4.865965000     -0.212474000 
6       -2.372953000      5.857223000      0.022680000 
6       -1.033510000      5.533250000      0.140235000 
6       -5.314420000      2.870580000     -0.716040000 
6       -5.687603000      4.205173000     -0.611298000 
6       -4.730870000      5.192080000     -0.359328000 
6        1.796951000     -4.032983000     -0.705711000 
6        3.113637000     -4.358246000     -0.630467000 
6        4.124841000     -3.351477000     -0.413741000 
6        5.474776000     -3.663912000     -0.334509000 
6        6.461684000     -2.664286000     -0.125526000 
6        6.055511000     -1.301565000      0.006313000 
1       -6.729148000      4.486966000     -0.730964000 
1       -5.035800000      6.232027000     -0.282850000 
1        3.432531000     -5.391393000     -0.737277000 
1        5.792009000     -4.698669000     -0.436637000 
1        1.051804000     -4.806192000     -0.875990000 
1       -6.062844000      2.109461000     -0.921924000 
6        5.263765000      1.423387000      0.267272000 
6        6.622308000      1.060101000      0.341961000 
6        7.039867000     -0.278150000      0.215759000 
6       -0.017373000      6.535907000      0.366238000 
6        1.735622000      4.834100000      0.348271000 
6        1.293903000      6.204715000      0.464398000 
6        3.495311000      3.126327000      0.312633000 
6        4.844308000      2.766541000      0.391436000 
6        3.067878000      4.480525000      0.434123000 
1        7.368803000      1.834555000      0.499777000 
1        2.044314000      6.972378000      0.630491000 
1        5.592278000      3.539186000      0.550091000 
1        3.817985000      5.250466000      0.594884000 
6        7.839060000     -2.974053000     -0.044843000 
6        8.794450000     -1.976512000      0.159503000 
6        8.407956000     -0.646916000      0.288649000 
1       -2.681928000      6.896322000      0.101593000 
1       -0.331068000      7.572298000      0.452626000 
1        8.153038000     -4.009404000     -0.145600000 
1        9.845226000     -2.241843000      0.216796000 
1        9.155108000      0.125744000      0.446666000 
6       -0.422129000     -0.969657000     -0.524023000 
6        0.008694000     -2.313303000     -0.641779000 
8       -2.722332000     -1.569250000     -0.710888000 
1       -0.736336000     -3.083366000     -0.821958000 
8       -4.486325000     -0.762128000      1.746938000 
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63      -4.112747000     -2.922357000      0.518756000 
8       -3.594003000     -3.841701000     -1.826649000 
8       -6.244519000     -3.405204000     -0.717502000 
1       -4.930397000     -0.414479000      2.537212000 
1       -4.085536000      0.009223000      1.294691000 
1       -3.276427000     -4.579071000     -2.371518000 
1       -3.031379000     -3.062341000     -2.026117000 
1       -7.210193000     -3.322939000     -0.659471000 
1       -6.038561000     -3.655003000     -1.635271000 
8       -3.187492000     -4.568328000      2.237272000 
1       -2.359356000     -4.476476000      2.738322000 
1       -3.569565000     -5.411373000      2.534876000 
Eu on 15-ring GOCOO-, CN = 6 
6       -2.885415000      3.587622000     -0.018079000 
6       -1.666694000      4.334680000     -0.012694000 
6       -0.427610000      3.649801000     -0.009957000 
6       -0.390909000      2.221195000     -0.013915000 
6       -1.620951000      1.463168000     -0.030483000 
6       -2.836129000      2.182972000     -0.024460000 
6       -1.565993000      0.031958000     -0.006421000 
6       -0.315076000     -0.643333000      0.016643000 
6        0.906077000      0.130899000      0.004239000 
6        0.857368000      1.554791000     -0.002373000 
6        2.165361000     -0.527462000      0.003589000 
6        2.238169000     -1.947661000      0.000110000 
6        1.020976000     -2.714142000     -0.003067000 
6       -0.199246000     -2.063845000      0.003773000 
6        2.075550000      2.316101000      0.001651000 
6        3.325174000      1.654745000      0.005491000 
6        3.378823000      0.234581000      0.003712000 
6        0.785265000      4.404459000     -0.001901000 
6        2.030997000      3.739546000      0.002181000 
6        0.738435000      5.844629000      0.000893000 
6       -0.489691000      6.487984000     -0.001900000 
6       -1.707615000      5.761897000     -0.007803000 
1       -3.771108000      1.639958000     -0.045269000 
1       -1.100540000     -2.660839000      0.019483000 
8       -2.967324000     -1.773159000      0.765765000 
8       -3.810238000     -0.423296000     -0.769862000 
6        3.488641000     -2.605132000     -0.002399000 
6        4.692956000     -1.841880000      0.000855000 
6        4.629427000     -0.423586000      0.004414000 
6       -4.120108000      4.287986000     -0.016851000 
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6       -4.152908000      5.677628000     -0.011931000 
6       -2.964370000      6.410143000     -0.007822000 
1       -5.046770000      3.720372000     -0.021353000 
6        1.116493000     -4.155524000     -0.012930000 
6        2.316768000     -4.788199000     -0.015129000 
6        3.555193000     -4.044691000     -0.009180000 
1        0.193785000     -4.729448000     -0.016678000 
6        5.948106000     -2.499048000      0.000275000 
6        6.005690000     -3.924219000     -0.004818000 
6        4.792184000     -4.667991000     -0.010060000 
1       -5.105328000      6.198308000     -0.011689000 
1       -2.996750000      7.496070000     -0.004154000 
1        2.369446000     -5.873322000     -0.021046000 
1        4.845383000     -5.753775000     -0.014890000 
6        5.849063000      0.344466000      0.008360000 
6        7.083661000     -0.328654000      0.008734000 
6        7.160868000     -1.734728000      0.004611000 
6        4.546321000      2.423335000      0.009420000 
6        5.774732000      1.754078000      0.011185000 
6        3.256414000      4.504167000      0.007640000 
6        3.176640000      5.944309000      0.009579000 
6        1.979162000      6.581342000      0.006593000 
6        4.470962000      3.841420000      0.011025000 
1        8.002913000      0.252067000      0.011911000 
1        6.695195000      2.332292000      0.014225000 
1        4.103590000      6.510388000      0.013717000 
1        5.394652000      4.414184000      0.014799000 
6        7.269912000     -4.551220000     -0.005031000 
6        8.452225000     -3.804955000     -0.000324000 
6        8.404687000     -2.416412000      0.004399000 
1       -0.524954000      7.574346000      0.001103000 
1        1.931661000      7.666491000      0.008288000 
1        7.319689000     -5.636811000     -0.008927000 
1        9.410240000     -4.314577000     -0.000480000 
1        9.324569000     -1.838310000      0.007925000 
6       -2.841915000     -0.759505000     -0.004040000 
8       -5.283274000     -4.288011000     -1.529072000 
63      -5.276399000     -2.278732000      0.000970000 
8       -5.604859000     -1.555153000     -2.471434000 
8       -4.746388000     -2.901095000      2.478375000 
1       -5.224142000     -5.256246000     -1.549169000 
1       -5.304684000     -3.987519000     -2.453907000 
1       -6.257956000     -1.244333000     -3.118321000 
1       -4.889420000     -0.887544000     -2.446994000 
1       -3.836363000     -2.541877000      2.438323000 
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1       -4.730696000     -3.635827000      3.112084000 
8       -7.040372000     -1.423408000      1.586892000 
1       -6.738139000     -1.599424000      2.494910000 
1       -7.877534000     -0.937834000      1.654857000 
Eu on 15-ring GOO-, CN = 7 
6        1.317271000     -2.587638000     -0.763026000 
6        2.370765000     -1.645818000     -0.480446000 
6        2.058870000     -0.264189000     -0.316486000 
6        0.718502000      0.185813000     -0.420406000 
6       -1.687109000     -0.320596000     -0.787732000 
6       -1.977674000      1.094931000     -0.631063000 
6       -0.909006000      2.025562000     -0.363508000 
6        0.422322000      1.574536000     -0.256275000 
6       -1.207762000      3.410692000     -0.211380000 
6       -2.544612000      3.870879000     -0.326113000 
6       -3.603280000      2.944190000     -0.601411000 
6       -3.287875000      1.571488000     -0.743217000 
6        1.472635000      2.506053000      0.009417000 
6        1.174205000      3.891651000      0.165668000 
6       -0.156910000      4.342823000      0.055508000 
6        3.110939000      0.672979000     -0.047443000 
6        2.810540000      2.054403000      0.113957000 
6        4.446293000      0.223897000      0.052269000 
6        4.754137000     -1.155662000     -0.115503000 
6        3.710718000     -2.090266000     -0.384446000 
1       -4.082073000      0.873626000     -0.995083000 
6       -2.837844000      5.263015000     -0.179120000 
6       -1.774811000      6.170828000      0.090408000 
6       -0.464524000      5.744978000      0.208039000 
6       -4.926360000      3.429459000     -0.730523000 
6       -5.201351000      4.784181000     -0.586839000 
6       -4.174210000      5.691140000     -0.312423000 
6        1.666870000     -3.974672000     -0.949576000 
6        2.953556000     -4.399632000     -0.852790000 
6        4.029143000     -3.481948000     -0.564856000 
6        5.349629000     -3.898193000     -0.467434000 
6        6.402461000     -2.985001000     -0.196425000 
6        6.095293000     -1.601012000     -0.021171000 
1       -6.220046000      5.144241000     -0.692016000 
1       -4.402289000      6.747849000     -0.204139000 
1        3.198618000     -5.447883000     -0.999837000 
1        5.591028000     -4.949079000     -0.605732000 
1        0.872525000     -4.680350000     -1.179372000 
 171 
 
1       -5.728585000      2.730117000     -0.951549000 
6        5.502652000      1.166050000      0.319406000 
6        6.828229000      0.698394000      0.411515000 
6        7.147963000     -0.662501000      0.246816000 
6        0.620608000      6.660935000      0.477531000 
6        2.240588000      4.831999000      0.433655000 
6        1.901233000      6.228418000      0.584507000 
6        3.866002000      2.996134000      0.380420000 
6        5.181929000      2.532170000      0.477972000 
6        3.539646000      4.375014000      0.534958000 
1        7.626207000      1.408780000      0.612466000 
1        2.704384000      6.931723000      0.785386000 
1        5.981539000      3.240801000      0.678080000 
1        4.342164000      5.080205000      0.734988000 
6        7.750728000     -3.401318000     -0.098502000 
6        8.771627000     -2.486341000      0.164003000 
6        8.482207000     -1.136531000      0.334872000 
1       -2.006817000      7.226928000      0.200904000 
1        0.384548000      7.715093000      0.591473000 
1        7.988325000     -4.453026000     -0.232601000 
1        9.798237000     -2.831467000      0.233562000 
1        9.281087000     -0.428733000      0.537276000 
6       -0.325215000     -0.759839000     -0.692865000 
6        0.007562000     -2.128653000     -0.859223000 
8       -2.656357000     -1.167797000     -0.976468000 
1       -0.781771000     -2.821428000     -1.138448000 
8       -3.571373000     -0.465310000      1.884775000 
63      -4.078720000     -2.585497000      0.319051000 
8       -4.939387000     -1.888906000     -2.098477000 
8       -6.506924000     -1.857925000      0.187536000 
1       -4.051843000     -0.064240000      2.628059000 
1       -3.299631000      0.282540000      1.313942000 
1       -5.119612000     -2.276422000     -2.969801000 
1       -4.104111000     -1.373864000     -2.178957000 
1       -7.390381000     -1.828328000      0.585867000 
1       -6.600128000     -1.623052000     -0.753860000 
8       -3.863010000     -5.032889000     -0.313734000 
1       -3.880499000     -5.682134000     -1.033684000 
1       -3.881200000     -5.525133000      0.526104000 
8       -1.833364000     -2.690747000      1.771738000 
1       -1.919861000     -1.791114000      2.141027000 
1       -0.984502000     -2.695677000      1.288177000 
8       -3.958190000     -4.287399000      2.366060000 
1       -4.440343000     -4.592973000      3.151150000 
1       -3.046269000     -4.079697000      2.650685000 
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Eu on 15-ring GOO-, CN = 6 (not verified as ground state) 
6        1.473203000     -2.734826000     -0.532387000 
6        2.491457000     -1.735896000     -0.335937000 
6        2.123099000     -0.363960000     -0.219602000 
6        0.762609000      0.019440000     -0.297749000 
6       -1.622336000     -0.609004000     -0.559522000 
6       -1.975400000      0.794506000     -0.480871000 
6       -0.946232000      1.783529000     -0.276060000 
6        0.407023000      1.397972000     -0.184125000 
6       -1.303014000      3.160409000     -0.180852000 
6       -2.660521000      3.557977000     -0.293613000 
6       -3.679233000      2.575955000     -0.524889000 
6       -3.305449000      1.212432000     -0.612047000 
6        1.420054000      2.386895000      0.009836000 
6        1.062626000      3.762860000      0.117863000 
6       -0.290058000      4.148724000      0.023786000 
6        3.138721000      0.629926000     -0.025876000 
6        2.780325000      2.001140000      0.089744000 
6        4.495637000      0.246006000      0.048140000 
6        4.860351000     -1.124523000     -0.070133000 
6        3.852614000     -2.115988000     -0.262587000 
1       -4.070001000      0.479300000     -0.855985000 
6       -3.013058000      4.940984000     -0.197683000 
6       -1.987253000      5.904036000      0.019146000 
6       -0.657543000      5.541020000      0.126554000 
6       -5.022930000      2.998895000     -0.661890000 
6       -5.356051000      4.344741000     -0.563492000 
6       -4.368372000      5.305575000     -0.331548000 
6        1.877746000     -4.113681000     -0.654286000 
6        3.184615000     -4.478054000     -0.583450000 
6        4.226877000     -3.500097000     -0.384440000 
6        5.568075000     -3.852185000     -0.310833000 
6        6.585667000     -2.880912000     -0.119138000 
6        6.221860000     -1.504885000      0.001524000 
1       -6.390350000      4.656338000     -0.672726000 
1       -4.642058000      6.354502000     -0.260215000 
1        3.471242000     -5.521598000     -0.679588000 
1        5.852999000     -4.897122000     -0.403903000 
1        1.107392000     -4.864554000     -0.809635000 
1       -5.794524000      2.256807000     -0.852581000 
6        5.514646000      1.244848000      0.240920000 
6        6.862223000      0.841592000      0.308964000 
6        7.238091000     -0.509567000      0.193382000 
6        0.390564000      6.514682000      0.333975000 
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6        2.091698000      4.760766000      0.316927000 
6        1.691974000      6.145252000      0.423609000 
6        3.799178000      3.000464000      0.283591000 
6        5.136726000      2.601573000      0.355102000 
6        3.412910000      4.368505000      0.395199000 
1        7.632823000      1.594767000      0.453434000 
1        2.466565000      6.891528000      0.575726000 
1        5.908872000      3.352804000      0.500275000 
1        4.187070000      5.117111000      0.542312000 
6        7.953792000     -3.230967000     -0.044894000 
6        8.940460000     -2.260592000      0.142166000 
6        8.595276000     -0.918783000      0.260144000 
1       -2.264208000      6.952524000      0.092307000 
1        0.108879000      7.560793000      0.413317000 
1        8.235694000     -4.276327000     -0.136910000 
1        9.983104000     -2.557147000      0.194810000 
1        9.366475000     -0.167408000      0.404725000 
6       -0.244851000     -0.985056000     -0.488057000 
6        0.143476000     -2.340697000     -0.600038000 
8       -2.562541000     -1.513910000     -0.683510000 
1       -0.628579000     -3.086804000     -0.760259000 
8       -4.204734000     -0.451558000      1.933427000 
63      -4.346592000     -2.575740000      0.389725000 
8       -4.346562000     -2.639217000     -2.277393000 
8       -6.344779000     -1.547567000     -0.775211000 
1       -4.891781000      0.050447000      2.403084000 
1       -3.679018000      0.222721000      1.453063000 
1       -4.267912000     -3.190087000     -3.072492000 
1       -3.517085000     -2.111276000     -2.204588000 
1       -7.258502000     -1.223824000     -0.754211000 
1       -6.098822000     -1.691321000     -1.709741000 
8       -4.871265000     -5.099425000      0.446821000 
1       -5.061087000     -5.686617000     -0.303155000 
1       -5.025511000     -5.641197000      1.238207000 
8       -3.414373000     -3.014452000      2.721724000 
1       -3.306307000     -2.133688000      3.122493000 
1       -2.863698000     -3.626189000      3.235214000 
Eu on 15-ring GOCOOH (bidentate), CN = 7 
6        2.278184000      3.976682000     -0.886511000 
6        1.064420000      4.589581000     -0.465538000 
6       -0.065503000      3.780288000     -0.193361000 
6        0.022461000      2.358672000     -0.282645000 
6        1.284227000      1.729176000     -0.575441000 
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6        2.355856000      2.566246000     -0.938500000 
6        1.376053000      0.275172000     -0.538216000 
6        0.156329000     -0.509008000     -0.585023000 
6       -1.098879000      0.156336000     -0.316652000 
6       -1.150168000      1.568537000     -0.114197000 
6       -2.301756000     -0.599272000     -0.245785000 
6       -2.291777000     -1.997554000     -0.499605000 
6       -1.055088000     -2.638012000     -0.832851000 
6        0.125082000     -1.892381000     -0.854523000 
6       -2.393768000      2.206149000      0.198430000 
6       -3.577261000      1.437736000      0.316256000 
6       -3.540965000      0.040334000      0.080970000 
6       -1.299984000      4.406353000      0.162145000 
6       -2.455701000      3.620951000      0.366831000 
6       -1.372941000      5.835141000      0.291660000 
6       -0.238957000      6.605771000      0.027699000 
6        0.979345000      6.013597000     -0.372109000 
1        3.258945000      2.140293000     -1.366474000 
1        1.043518000     -2.393972000     -1.121140000 
8        2.896291000     -1.603743000     -0.345702000 
8        3.718239000      0.354810000      0.158260000 
6       -3.488562000     -2.751057000     -0.444479000 
6       -4.716059000     -2.111393000     -0.104947000 
6       -4.734590000     -0.718263000      0.160658000 
6        3.377688000      4.804572000     -1.240499000 
6        3.293341000      6.189709000     -1.144801000 
6        2.113958000      6.794051000     -0.707080000 
1        4.298087000      4.341875000     -1.586876000 
6       -1.069077000     -4.044893000     -1.138684000 
6       -2.218644000     -4.771931000     -1.090710000 
6       -3.472838000     -4.158626000     -0.734174000 
1       -0.133503000     -4.522127000     -1.416685000 
6       -5.913504000     -2.864237000     -0.041239000 
6       -5.891524000     -4.261301000     -0.324258000 
6       -4.659925000     -4.879676000     -0.670054000 
1        4.145889000      6.804679000     -1.414112000 
1        2.051982000      7.876055000     -0.634723000 
1       -2.209874000     -5.832561000     -1.325034000 
1       -4.652226000     -5.944004000     -0.891346000 
6       -5.978229000     -0.076171000      0.501144000 
6       -7.155563000     -0.845746000      0.568636000 
6       -7.149350000     -2.226446000      0.302396000 
6       -4.823917000      2.082668000      0.650305000 
6       -5.991413000      1.313681000      0.745494000 
6       -3.700343000      4.260158000      0.711297000 
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6       -3.733994000      5.687816000      0.874423000 
6       -2.619061000      6.442483000      0.671093000 
6       -4.845453000      3.484363000      0.857186000 
1       -8.092802000     -0.358584000      0.826488000 
1       -6.929861000      1.799532000      0.999774000 
1       -4.673981000      6.156551000      1.149764000 
1       -5.786294000      3.963361000      1.115022000 
6       -7.101824000     -4.987669000     -0.255847000 
6       -8.308276000     -4.366060000      0.082749000 
6       -8.336795000     -3.004787000      0.358671000 
1       -0.299026000      7.687675000      0.111620000 
1       -2.657394000      7.521925000      0.782815000 
1       -7.090962000     -6.052613000     -0.472789000 
1       -9.221897000     -4.949307000      0.127327000 
1       -9.274537000     -2.521860000      0.619381000 
6        2.623129000     -0.378956000     -0.290208000 
8        5.558062000     -1.585172000      2.981323000 
63       5.291997000     -1.839328000      0.453875000 
8        7.559661000     -0.716761000     -0.129551000 
8        3.754608000     -3.642635000      1.392211000 
1        5.013351000     -2.130494000      3.573155000 
1        6.092881000     -1.020566000      3.563778000 
1        8.232417000     -1.405606000      0.016235000 
1        8.029942000      0.133175000     -0.129743000 
1        2.872003000     -3.429342000      1.039961000 
1        3.721999000     -4.562478000      1.700503000 
1        3.474488000      1.281581000      0.356398000 
8        5.986128000     -2.415281000     -2.005253000 
1        5.463161000     -2.725475000     -2.763838000 
1        6.650188000     -1.806909000     -2.372319000 
8        7.322913000     -3.514411000      0.259518000 
1        7.775535000     -4.157676000      0.831048000 
1        7.344613000     -3.886648000     -0.639407000 
Eu on 15-ring GOCOOH (bidentate), CN = 6 
6        2.619717000      3.795806000     -0.813630000 
6        1.427828000      4.466252000     -0.419979000 
6        0.256388000      3.711488000     -0.166294000 
6        0.279573000      2.286729000     -0.246563000 
6        1.515304000      1.598966000     -0.515518000 
6        2.631198000      2.383284000     -0.860502000 
6        1.539418000      0.140989000     -0.484305000 
6        0.284984000     -0.590516000     -0.527820000 
6       -0.941695000      0.136052000     -0.282611000 
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6       -0.931656000      1.551755000     -0.095906000 
6       -2.178746000     -0.563485000     -0.215007000 
6       -2.228134000     -1.966439000     -0.436685000 
6       -1.016127000     -2.670457000     -0.726490000 
6        0.195782000     -1.977641000     -0.754128000 
6       -2.149691000      2.249312000      0.188776000 
6       -3.369601000      1.537629000      0.293708000 
6       -3.392983000      0.136765000      0.080183000 
6       -0.954479000      4.396746000      0.159904000 
6       -2.149183000      3.667174000      0.345187000 
6       -0.963414000      5.828205000      0.279558000 
6        0.210688000      6.543869000      0.035810000 
6        1.407831000      5.893323000     -0.335206000 
1        3.523399000      1.914483000     -1.265643000 
1        1.095501000     -2.532554000     -0.972708000 
8        3.008879000     -1.789605000     -0.393704000 
8        3.867519000      0.108532000      0.258640000 
6       -3.457828000     -2.665279000     -0.382701000 
6       -4.661196000     -1.963920000     -0.081658000 
6       -4.621308000     -0.565890000      0.153456000 
6        3.764050000      4.569375000     -1.148284000 
6        3.742815000      5.957351000     -1.060727000 
6        2.584094000      6.618303000     -0.650447000 
1        4.668710000      4.062267000     -1.473299000 
6       -1.084301000     -4.085132000     -0.982574000 
6       -2.265799000     -4.759385000     -0.938249000 
6       -3.498605000     -4.080010000     -0.631533000 
1       -0.163662000     -4.612226000     -1.215812000 
6       -5.891976000     -2.661327000     -0.021550000 
6       -5.927065000     -4.064846000     -0.268825000 
6       -4.717869000     -4.746093000     -0.572244000 
1        4.628551000      6.530321000     -1.315107000 
1        2.570903000      7.702411000     -0.584624000 
1       -2.298605000     -5.827220000     -1.134423000 
1       -4.752880000     -5.815848000     -0.762517000 
6       -5.840377000      0.137590000      0.459503000 
6       -7.052573000     -0.576686000      0.520760000 
6       -7.103866000     -1.961660000      0.284377000 
6       -4.591137000      2.243213000      0.596822000 
6       -5.794546000      1.530346000      0.680737000 
6       -3.369104000      4.366673000      0.659339000 
6       -3.340202000      5.795337000      0.811675000 
6       -2.187103000      6.495949000      0.627909000 
6       -4.552027000      3.646371000      0.788233000 
1       -7.970983000     -0.042455000      0.751695000 
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1       -6.713925000      2.062664000      0.910392000 
1       -4.263067000      6.309119000      1.063540000 
1       -5.474443000      4.171125000      1.022491000 
6       -7.169525000     -4.735343000     -0.205320000 
6       -8.353153000     -4.052800000      0.094476000 
6       -8.325806000     -2.685201000      0.336930000 
1        0.199057000      7.627894000      0.112760000 
1       -2.177384000      7.576808000      0.731767000 
1       -7.202024000     -5.805099000     -0.394678000 
1       -9.292417000     -4.594007000      0.136095000 
1       -9.245462000     -2.155048000      0.568693000 
6        2.759151000     -0.561975000     -0.259426000 
8        5.629565000     -1.966272000      2.922906000 
63       5.329945000     -2.144077000      0.397430000 
8        7.621300000     -1.242323000     -0.244498000 
8        5.647682000     -4.547557000      1.304475000 
1        5.795715000     -2.777987000      3.431305000 
1        5.576676000     -1.252499000      3.580319000 
1        8.339934000     -0.928160000      0.330819000 
1        7.957849000     -1.134446000     -1.150453000 
1        4.937203000     -5.189638000      1.475810000 
1        6.457027000     -5.085047000      1.249050000 
1        3.653228000      1.035710000      0.486987000 
8        5.176338000     -2.880586000     -2.025850000 
1        4.273005000     -2.751496000     -2.363221000 
1        5.654839000     -3.374322000     -2.712076000 
Eu on 15-ring GOCOOH (bidentate), CN = 5 
6        2.930104000      3.601697000     -0.879597000 
6        1.780407000      4.325842000     -0.458976000 
6        0.580912000      3.625869000     -0.178929000 
6        0.537955000      2.202217000     -0.255119000 
6        1.735995000      1.458531000     -0.544479000 
6        2.876287000      2.188157000     -0.920733000 
6        1.694706000     -0.000997000     -0.487063000 
6        0.403151000     -0.671462000     -0.536038000 
6       -0.784375000      0.111429000     -0.280332000 
6       -0.704843000      1.523949000     -0.086642000 
6       -2.053366000     -0.527161000     -0.215347000 
6       -2.171572000     -1.922291000     -0.458936000 
6       -0.997997000     -2.679094000     -0.770082000 
6        0.248351000     -2.045347000     -0.789000000 
6       -1.884702000      2.276430000      0.212887000 
6       -3.136883000      1.622959000      0.323998000 
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6       -3.229827000      0.227775000      0.095397000 
6       -0.591338000      4.365753000      0.169029000 
6       -1.815476000      3.692268000      0.372970000 
6       -0.532256000      5.795687000      0.288165000 
6        0.669229000      6.457006000      0.019750000 
6        1.827061000      5.752757000     -0.376623000 
1        3.731552000      1.677825000     -1.355452000 
1        1.119167000     -2.638381000     -1.025715000 
8        3.030225000     -2.009188000     -0.237887000 
8        4.037642000     -0.121561000      0.207021000 
6       -3.434571000     -2.559982000     -0.411654000 
6       -4.600467000     -1.805359000     -0.092111000 
6       -4.491214000     -0.414973000      0.165610000 
6        4.099000000      4.322190000     -1.244959000 
6        4.143446000      5.710007000     -1.159486000 
6        3.026927000      6.423481000     -0.721421000 
1        4.971238000      3.774683000     -1.592392000 
6       -1.137192000     -4.081557000     -1.057487000 
6       -2.351020000     -4.697708000     -1.018847000 
6       -3.546110000     -3.965125000     -0.688638000 
1       -0.245814000     -4.647459000     -1.312152000 
6       -5.864048000     -2.441697000     -0.039066000 
6       -5.969571000     -3.836933000     -0.312492000 
6       -4.797498000     -4.571091000     -0.635492000 
1        5.047725000      6.241484000     -1.437523000 
1        3.064805000      7.507111000     -0.657423000 
1       -2.437895000     -5.757757000     -1.239140000 
1       -4.886647000     -5.633677000     -0.847148000 
6       -5.672526000      0.342887000      0.488401000 
6       -6.918387000     -0.312091000      0.544232000 
6       -7.038599000     -1.688537000      0.284346000 
6       -4.320536000      2.383641000      0.643186000 
6       -5.556969000      1.728870000      0.728099000 
6       -2.996785000      4.446614000      0.705365000 
6       -2.898792000      5.871319000      0.860947000 
6       -1.716846000      6.518427000      0.658800000 
6       -4.211810000      3.781680000      0.845076000 
1       -7.808515000      0.262644000      0.788317000 
1       -6.447796000      2.302474000      0.970542000 
1       -3.792213000      6.427450000      1.128531000 
1       -5.105320000      4.348501000      1.093021000 
6       -7.243750000     -4.446296000     -0.256225000 
6       -8.391040000     -3.711733000      0.061237000 
6       -8.294868000     -2.351875000      0.328750000 
1        0.708484000      7.540492000      0.095504000 
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1       -1.655855000      7.597500000      0.763782000 
1       -7.330137000     -5.509307000     -0.465643000 
1       -9.355919000     -4.206282000      0.096693000 
1       -9.186444000     -1.781317000      0.574010000 
6        2.863804000     -0.754585000     -0.220412000 
8        6.299145000     -2.014872000      2.694639000 
63       5.300086000     -2.441429000      0.412113000 
8        7.015338000     -2.484088000     -1.439208000 
8        5.070081000     -4.909261000      0.923292000 
1        6.495281000     -2.696762000      3.360974000 
1        6.528281000     -1.173107000      3.125601000 
1        7.970315000     -2.302599000     -1.384223000 
1        6.856487000     -2.689903000     -2.377557000 
1        4.244441000     -5.363158000      1.166561000 
1        5.724640000     -5.621478000      0.815514000 
1        3.892670000      0.833492000      0.368976000 
Eu on 15-ring GOCOOH (monodentate), CN = 4 
6       -3.842071000      3.453223000     -0.706917000 
6       -2.754088000      4.296172000     -0.341908000 
6       -1.467673000      3.734913000     -0.172609000 
6       -1.252033000      2.334370000     -0.376918000 
6       -2.352688000      1.481287000     -0.758163000 
6       -3.621228000      2.077794000     -0.889465000 
6       -2.112031000      0.055726000     -0.911498000 
6       -0.789230000     -0.480824000     -0.760533000 
6        0.296922000      0.406019000     -0.414406000 
6        0.054929000      1.798818000     -0.204636000 
6        1.626302000     -0.098686000     -0.314730000 
6        1.913533000     -1.465103000     -0.593755000 
6        0.844905000     -2.334046000     -0.992722000 
6       -0.460176000     -1.838429000     -1.042474000 
6        1.139566000      2.664745000      0.160118000 
6        2.449549000      2.147617000      0.295550000 
6        2.704038000      0.772988000      0.046610000 
6       -0.386101000      4.589666000      0.205376000 
6        0.909845000      4.057354000      0.372852000 
6       -0.612442000      5.995900000      0.406879000 
6       -1.891349000      6.518103000      0.224196000 
6       -2.975569000      5.694980000     -0.149870000 
6       -3.201792000     -0.843581000     -1.244762000 
1       -4.478163000      1.480309000     -1.162114000 
1       -1.224353000     -2.491838000     -1.448404000 
8       -3.358594000     -2.019499000     -0.789820000 
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8       -4.113484000     -0.391285000     -2.102261000 
6        3.237963000     -1.958626000     -0.530496000 
6        4.301151000     -1.089400000     -0.152961000 
6        4.026239000      0.271894000      0.137907000 
6       -5.132852000      4.026839000     -0.879619000 
6       -5.341674000      5.389093000     -0.699241000 
6       -4.278927000      6.218726000     -0.336954000 
1       -5.961315000      3.384383000     -1.164919000 
6        1.158409000     -3.699566000     -1.340892000 
6        2.432031000     -4.173485000     -1.276797000 
6        3.523041000     -3.328671000     -0.862108000 
1        0.353942000     -4.345280000     -1.684747000 
6        5.628587000     -1.580604000     -0.087874000 
6        5.902798000     -2.942800000     -0.408198000 
6        4.831521000     -3.791074000     -0.795232000 
1       -6.331363000      5.810676000     -0.841173000 
1       -4.444980000      7.282856000     -0.195248000 
1        2.650500000     -5.200642000     -1.555539000 
1        5.048167000     -4.825010000     -1.052088000 
6        5.107882000      1.148175000      0.509147000 
6        6.416030000      0.637213000      0.583150000 
6        6.701033000     -0.709496000      0.288936000 
6        3.535306000      3.024839000      0.664452000 
6        4.831297000      2.507225000      0.772665000 
6        1.995862000      4.927528000      0.748437000 
6        1.737542000      6.326714000      0.955393000 
6        0.488477000      6.838063000      0.789332000 
6        3.271851000      4.398169000      0.892500000 
1        7.228864000      1.302034000      0.864958000 
1        5.646692000      3.169792000      1.050931000 
1        2.564419000      6.969703000      1.241423000 
1        4.093844000      5.051233000      1.172957000 
6        7.237459000     -3.404226000     -0.341126000 
6        8.282259000     -2.554945000      0.032584000 
6        8.022475000     -1.224943000      0.344082000 
1       -2.059431000      7.581577000      0.372213000 
1        0.301857000      7.897023000      0.940800000 
1        7.450931000     -4.440736000     -0.588421000 
1        9.297660000     -2.934475000      0.075745000 
1        8.836624000     -0.564881000      0.630480000 
1       -4.801266000     -1.071938000     -2.232278000 
8       -4.999695000     -3.334657000      2.813129000 
63      -3.641563000     -3.757350000      0.736171000 
8       -4.544631000     -5.829427000     -0.366527000 
1       -4.678170000     -3.046429000      3.686141000 
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1       -5.960509000     -3.444932000      2.930509000 
1       -4.673868000     -6.710087000      0.029839000 
1       -4.834518000     -5.933317000     -1.290729000 
8       -1.246163000     -3.739771000      1.236488000 
1       -0.726727000     -3.095056000      0.696986000 
1       -0.601098000     -4.248711000      1.756036000 
Eu on 15-ring GOOH, CN = 7 (not verified as ground state) 
6        1.447500000     -2.621713000     -0.907323000 
6        2.489224000     -1.694544000     -0.544308000 
6        2.169624000     -0.322905000     -0.331063000 
6        0.835362000      0.138339000     -0.472373000 
6       -1.513344000     -0.294975000     -0.965754000 
6       -1.843525000      1.070794000     -0.822038000 
6       -0.790804000      1.985875000     -0.451680000 
6        0.532172000      1.516292000     -0.279790000 
6       -1.084672000      3.372226000     -0.290761000 
6       -2.399822000      3.856286000     -0.504223000 
6       -3.440097000      2.953674000     -0.904365000 
6       -3.147216000      1.579561000     -1.042696000 
6        1.574442000      2.435509000      0.074180000 
6        1.276476000      3.815662000      0.257409000 
6       -0.046241000      4.283744000      0.075122000 
6        3.207711000      0.600210000      0.019704000 
6        2.901086000      1.973881000      0.225154000 
6        4.538944000      0.146863000      0.150615000 
6        4.855871000     -1.218897000     -0.071868000 
6        3.826175000     -2.141442000     -0.423354000 
1       -3.918335000      0.911352000     -1.417599000 
6       -2.683369000      5.248687000     -0.352717000 
6       -1.642990000      6.130263000      0.029439000 
6       -0.343124000      5.680193000      0.241939000 
6       -4.736602000      3.479115000     -1.159599000 
6       -5.004573000      4.834979000     -1.009722000 
6       -3.998052000      5.714131000     -0.605412000 
6        1.810676000     -3.995917000     -1.150779000 
6        3.095800000     -4.423787000     -1.034107000 
6        4.157151000     -3.520651000     -0.662984000 
6        5.475773000     -3.937851000     -0.543377000 
6        6.514373000     -3.033990000     -0.189301000 
6        6.195073000     -1.664757000      0.046339000 
1       -5.999742000      5.216396000     -1.215011000 
1       -4.214789000      6.772445000     -0.493345000 
1        3.347222000     -5.462428000     -1.229314000 
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1        5.727743000     -4.978970000     -0.728208000 
1        1.031556000     -4.693724000     -1.446598000 
1       -5.523222000      2.806144000     -1.491648000 
6        5.583385000      1.075811000      0.501514000 
6        6.906136000      0.608758000      0.619057000 
6        7.234357000     -0.741295000      0.397314000 
6        0.719928000      6.579401000      0.613765000 
6        2.323982000      4.741802000      0.615738000 
6        1.990946000      6.132473000      0.792821000 
6        3.945567000      2.903905000      0.577112000 
6        5.258769000      2.433950000      0.710399000 
6        3.620671000      4.272598000      0.770111000 
1        7.694338000      1.309698000      0.883038000 
1        2.783322000      6.822545000      1.067029000 
1        6.049168000      3.132206000      0.973812000 
1        4.412998000      4.967070000      1.036281000 
6        7.860237000     -3.448885000     -0.068423000 
6        8.872967000     -2.548876000      0.275958000 
6        8.569369000     -1.212296000      0.506659000 
1       -1.866848000      7.187261000      0.146085000 
1        0.484373000      7.631590000      0.742800000 
1        8.108939000     -4.491241000     -0.249557000 
1        9.897299000     -2.896011000      0.360711000 
1        9.357499000     -0.513187000      0.772203000 
6       -0.207686000     -0.794374000     -0.822466000 
6        0.135320000     -2.165329000     -1.022227000 
8       -2.568971000     -1.193541000     -1.238358000 
1       -0.622852000     -2.863296000     -1.371254000 
8       -4.368855000      0.017168000      1.319233000 
63      -4.219802000     -2.402434000      0.457172000 
8       -3.415836000     -4.195081000     -1.239979000 
8       -6.335952000     -3.980816000      0.696502000 
1       -4.512867000      0.374395000      2.211268000 
1       -3.905502000      0.720263000      0.813326000 
1       -2.672854000     -4.697328000     -0.864779000 
1       -3.773245000     -4.739224000     -1.961716000 
1       -7.211614000     -3.604192000      0.503874000 
1       -6.443382000     -4.941527000      0.590603000 
8       -1.882233000     -3.310205000      1.111817000 
1       -1.076296000     -2.919710000      0.710701000 
1       -1.592512000     -3.738484000      1.934443000 
1       -2.396996000     -1.657587000     -2.077356000 
8       -4.768694000     -3.045102000      2.863859000 
1       -4.501282000     -2.904904000      3.786834000 
1       -5.582670000     -3.577136000      2.890772000 
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8       -6.206529000     -1.169664000     -0.658686000 
1       -6.370418000     -0.302399000     -0.251425000 
1       -6.742676000     -1.193761000     -1.468749000 
Eu on 15-ring GOOH, CN = 6 
6        1.393037000     -2.535196000     -0.972074000 
6        2.364073000     -1.540618000     -0.589567000 
6        1.945827000     -0.197619000     -0.364557000 
6        0.582167000      0.168872000     -0.508529000 
6       -1.723385000     -0.422079000     -1.030722000 
6       -2.156115000      0.914342000     -0.867795000 
6       -1.172221000      1.897842000     -0.483513000 
6        0.181228000      1.520444000     -0.309159000 
6       -1.564764000      3.257138000     -0.306309000 
6       -2.912160000      3.646841000     -0.510249000 
6       -3.886467000      2.675913000     -0.913130000 
6       -3.494748000      1.329238000     -1.072123000 
6        1.154013000      2.508001000      0.058823000 
6        0.758100000      3.862130000      0.252189000 
6       -0.594165000      4.236679000      0.070872000 
6        2.913648000      0.793518000      0.000344000 
6        2.509224000      2.140058000      0.214026000 
6        4.273828000      0.434758000      0.135106000 
6        4.688186000     -0.902457000     -0.097908000 
6        3.728587000     -1.892117000     -0.465743000 
1       -4.223855000      0.615972000     -1.447659000 
6       -3.295653000      5.013039000     -0.340701000 
6       -2.320688000      5.963311000      0.046566000 
6       -0.989892000      5.605901000      0.252131000 
6       -5.221999000      3.105635000     -1.149839000 
6       -5.586881000      4.436545000     -0.982572000 
6       -4.643348000      5.383356000     -0.578316000 
6        1.855736000     -3.876310000     -1.232677000 
6        3.167621000     -4.212364000     -1.111686000 
6        4.158881000     -3.241095000     -0.719478000 
6        5.502934000     -3.564712000     -0.594782000 
6        6.472575000     -2.593620000     -0.222900000 
6        6.055345000     -1.253225000      0.024578000 
1       -6.609850000      4.745012000     -1.172928000 
1       -4.936578000      6.421536000     -0.452359000 
1        3.494712000     -5.226751000     -1.321885000 
1        5.829972000     -4.582801000     -0.790192000 
1        1.131073000     -4.621782000     -1.549683000 
1       -5.961107000      2.378794000     -1.476539000 
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6        5.248096000      1.432236000      0.499730000 
6        6.600006000      1.059253000      0.622089000 
6        7.024409000     -0.262019000      0.390971000 
6        0.005056000      6.575389000      0.632831000 
6        1.735473000      4.856881000      0.622826000 
6        1.305152000      6.218330000      0.810366000 
6        3.483843000      3.138730000      0.579018000 
6        4.826659000      2.762097000      0.716920000 
6        3.062363000      4.478931000      0.780027000 
1        7.334889000      1.812041000      0.896843000 
1        2.045820000      6.960714000      1.092182000 
1        5.563955000      3.512698000      0.990103000 
1        3.802241000      5.225713000      1.055342000 
6        7.843513000     -2.913549000     -0.096639000 
6        8.787836000     -1.947634000      0.263896000 
6        8.388946000     -0.638407000      0.505167000 
1       -2.620030000      7.000017000      0.175637000 
1       -0.304991000      7.606881000      0.771023000 
1        8.167042000     -3.933578000     -0.286507000 
1        9.833670000     -2.222180000      0.352210000 
1        9.123928000      0.112099000      0.782613000 
6       -0.389410000     -0.831424000     -0.881485000 
6        0.050482000     -2.174140000     -1.090041000 
8       -2.701989000     -1.404995000     -1.346987000 
1       -0.658437000     -2.911464000     -1.460090000 
8       -4.343971000     -0.482504000      1.326308000 
63      -3.823928000     -2.815963000      0.529155000 
8       -3.029410000     -4.970489000     -0.603998000 
8       -6.148269000     -3.341423000     -0.435602000 
1       -4.758850000     -0.127526000      2.129924000 
1       -4.066755000      0.294181000      0.793390000 
1       -2.237813000     -5.339630000     -0.177011000 
1       -3.310192000     -5.630198000     -1.260044000 
1       -6.908484000     -2.735898000     -0.477445000 
1       -6.457451000     -4.155071000     -0.869510000 
8       -1.447718000     -3.367145000      1.309646000 
1       -0.733556000     -2.983573000      0.748356000 
1       -1.037277000     -3.564595000      2.168176000 
1       -2.748092000     -1.523208000     -2.313747000 
8       -4.862571000     -3.719955000      2.691620000 
1       -4.521246000     -3.799390000      3.598520000 
1       -5.743541000     -4.131203000      2.720731000 
Eu on 15-ring GOOH, CN = 5 
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6        1.722342000     -2.079882000     -1.048746000 
6        2.295533000     -0.820362000     -0.645841000 
6        1.444021000      0.304871000     -0.434575000 
6        0.038174000      0.184045000     -0.574753000 
6       -1.931135000     -1.166322000     -1.070576000 
6       -2.805231000     -0.074885000     -0.826200000 
6       -2.208625000      1.195706000     -0.490644000 
6       -0.801831000      1.313846000     -0.363337000 
6       -3.044143000      2.330899000     -0.284708000 
6       -4.450688000      2.212862000     -0.402515000 
6       -5.042313000      0.945307000     -0.712156000 
6       -4.210761000     -0.176470000     -0.903423000 
6       -0.223085000      2.580087000     -0.021461000 
6       -1.059604000      3.717607000      0.173439000 
6       -2.461840000      3.595726000      0.041001000 
6        2.016337000      1.569967000     -0.084922000 
6        1.177210000      2.701357000      0.114122000 
6        3.418343000      1.696505000      0.049711000 
6        4.262116000      0.573929000     -0.157244000 
6        3.695988000     -0.688880000     -0.506379000 
1       -4.672990000     -1.128112000     -1.149975000 
6       -5.282432000      3.359882000     -0.212654000 
6       -4.684970000      4.604543000      0.099767000 
6       -3.304096000      4.743577000      0.232694000 
6       -6.458170000      0.860378000     -0.827669000 
6       -7.259490000      1.981734000     -0.648215000 
6       -6.686472000      3.218811000     -0.343477000 
6        2.614583000     -3.193283000     -1.274963000 
6        3.963378000     -3.068784000     -1.116062000 
6        4.561739000     -1.816332000     -0.731585000 
6        5.936128000     -1.664453000     -0.599278000 
6        6.517093000     -0.415279000     -0.252311000 
6        5.667302000      0.709119000     -0.032296000 
1       -8.336815000      1.898220000     -0.748017000 
1       -7.320398000      4.089946000     -0.205178000 
1        4.616102000     -3.916197000     -1.307485000 
1        6.589484000     -2.515420000     -0.774870000 
1        2.194662000     -4.134109000     -1.624418000 
1       -6.912416000     -0.096621000     -1.069480000 
6        3.995510000      2.973066000      0.388050000 
6        5.392728000      3.082935000      0.510588000 
6        6.241282000      1.978135000      0.306468000 
6       -2.696396000      6.007722000      0.557183000 
6       -0.478129000      4.995200000      0.504689000 
6       -1.347213000      6.127985000      0.688235000 
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6        1.754673000      3.979985000      0.450738000 
6        3.145965000      4.085624000      0.581269000 
6        0.901719000      5.098792000      0.636775000 
1        5.828792000      4.046007000      0.764455000 
1       -0.902244000      7.087703000      0.933266000 
1        3.584777000      5.047742000      0.832910000 
1        1.344006000      6.059592000      0.886052000 
6        7.915598000     -0.249241000     -0.126709000 
6        8.473629000      0.987668000      0.206633000 
6        7.652064000      2.088772000      0.421068000 
1       -5.323208000      5.472934000      0.240068000 
1       -3.340314000      6.870957000      0.696357000 
1        8.566399000     -1.102876000     -0.296523000 
1        9.550231000      1.087978000      0.295195000 
1        8.088437000      3.050216000      0.677362000 
6       -0.534981000     -1.083771000     -0.968786000 
6        0.340912000     -2.189699000     -1.211936000 
8       -2.481775000     -2.439599000     -1.356811000 
1       -0.051439000     -3.086919000     -1.691102000 
8       -2.872895000     -2.010638000      1.919961000 
63      -1.515902000     -3.709689000      0.618806000 
8       -1.438555000     -5.814134000     -0.885861000 
8       -2.924535000     -5.456724000      1.780029000 
1       -3.091646000     -1.854031000      2.853922000 
1       -3.279362000     -1.275639000      1.422953000 
1       -0.731872000     -6.482319000     -0.909677000 
1       -2.006622000     -6.026913000     -1.646499000 
1       -3.537424000     -5.424172000      2.534484000 
1       -2.973667000     -6.368880000      1.446543000 
8        0.812873000     -4.196180000      1.459852000 
1        1.586360000     -3.864119000      0.965078000 
1        1.168727000     -4.656990000      2.238913000 
1       -2.933242000     -2.443379000     -2.220514000 
U Complexed with two GO sheets (Optimized at B3LYP/ECP60MWB-SEG/6-31G(d) level of 
theory) 
U on 15-ring GOCOO-, CN = 6 
6       -7.154312000     -0.816358000      0.828166000 
6       -6.323077000     -1.779231000      1.453010000 
6       -4.328751000     -0.687483000      0.460869000 
6       -6.581734000      0.204942000      0.014834000 
6       -7.419016000      1.166608000     -0.599311000 
6       -6.862078000      2.201398000     -1.409980000 
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6       -4.623512000      1.313952000     -0.992644000 
6       -4.107278000     -2.713389000      1.894469000 
1       -3.031013000     -2.694991000      1.773746000 
6       -2.846852000     -0.607814000      0.303521000 
8       -2.312561000     -0.525144000     -0.853127000 
8       -2.081321000     -0.614309000      1.326024000 
92       0.000115000     -0.465980000     -0.000142000 
8        0.000263000      1.302528000      0.000314000 
8        0.000172000     -2.242387000     -0.000857000 
6        7.154417000     -0.816379000     -0.828072000 
6        6.581661000      0.204871000     -0.014794000 
6        5.147284000      0.257625000      0.180551000 
6        4.328813000     -0.687888000     -0.460896000 
6        6.323351000     -1.779396000     -1.452906000 
6        6.907204000     -2.807841000     -2.249880000 
6        4.623250000      1.313653000      0.992557000 
6        5.430369000      2.254201000      1.592117000 
6        6.861674000      2.201445000      1.409930000 
6        7.418787000      1.166684000      0.599325000 
1        3.553561000      1.369546000      1.151995000 
6        2.846908000     -0.608398000     -0.303691000 
8        2.081454000     -0.615357000     -1.326276000 
8        2.312466000     -0.525426000      0.852869000 
8       -0.255047000     -0.444310000     -2.535360000 
1        0.538633000     -0.868432000     -2.904058000 
1       -1.036783000     -0.965461000     -2.783388000 
8        0.255123000     -0.445817000      2.535183000 
1       -0.538849000     -0.868415000      2.904961000 
1        1.036505000     -0.966876000      2.784435000 
6       -4.668415000     -3.740896000      2.677923000 
6       -6.087501000     -3.786660000      2.865054000 
6       -6.906752000     -2.807711000      2.250070000 
6       -4.888345000     -1.724249000      1.283982000 
6       -5.147377000      0.257896000     -0.180562000 
6       -5.430778000      2.254356000     -1.592228000 
6       -8.576679000     -0.870991000      1.012904000 
6       -9.408238000      0.089750000      0.396299000 
6       -8.839124000      1.113674000     -0.410419000 
6       -8.327575000     -2.858271000      2.430119000 
6       -9.150697000     -1.900302000      1.821287000 
6       -8.904546000     -3.905708000      3.245087000 
6       -8.085642000     -4.845147000      3.833531000 
6       -6.669115000     -4.823644000      3.665559000 
1       -3.553833000      1.369966000     -1.152136000 
6       -7.690280000      3.157446000     -2.018789000 
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6       -9.108238000      3.103707000     -1.832688000 
6       -9.674023000      2.078299000     -1.026931000 
6       -3.866450000     -4.738287000      3.291636000 
6       -4.441700000     -5.735423000      4.062880000 
6       -5.829061000     -5.782294000      4.253453000 
1       -2.789846000     -4.708435000      3.144701000 
6       -4.885031000      3.313702000     -2.412208000 
6       -5.684544000      4.235860000     -3.001838000 
6       -7.121247000      4.205399000     -2.836627000 
1       -3.806653000      3.350975000     -2.543835000 
6       -9.943551000      4.069127000     -2.448117000 
6       -9.369486000      5.102035000     -3.258268000 
6       -7.952033000      5.134896000     -3.427095000 
1       -3.812327000     -6.490916000      4.525468000 
1       -6.268351000     -6.569609000      4.860729000 
1       -5.257333000      5.025203000     -3.615385000 
1       -7.521742000      5.922459000     -4.042094000 
6      -11.104203000      2.024247000     -0.838633000 
6      -11.909243000      2.988199000     -1.457107000 
6      -11.365603000      4.012222000     -2.258978000 
6      -10.842325000      0.038161000      0.582461000 
6      -11.645270000      0.991781000     -0.029754000 
6      -10.588097000     -1.946758000      2.002750000 
6      -11.136872000     -3.001726000      2.825267000 
6      -10.340978000     -3.927790000      3.412064000 
6      -11.384899000     -1.002190000      1.397170000 
1      -12.986839000      2.946753000     -1.314932000 
1      -12.722828000      0.950403000      0.112291000 
1      -12.215108000     -3.033933000      2.961097000 
1      -12.463144000     -1.040667000      1.536008000 
6      -10.218527000      6.046579000     -3.857178000 
6      -11.605974000      5.987059000     -3.670276000 
6      -12.174679000      4.993544000     -2.888883000 
1       -8.524739000     -5.631516000      4.443847000 
1      -10.770534000     -4.715189000      4.026588000 
1       -9.786637000      6.831779000     -4.472415000 
1      -12.241519000      6.729940000     -4.144542000 
1      -13.251858000      4.954430000     -2.748688000 
6        4.669035000     -3.741385000     -2.677749000 
6        6.088127000     -3.786952000     -2.864829000 
6        4.888602000     -1.724610000     -1.283946000 
6        4.107712000     -2.713917000     -1.894381000 
6        8.576800000     -0.870819000     -1.012751000 
6        9.408198000      0.090077000     -0.396168000 
6        8.838907000      1.113955000      0.410480000 
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6        8.328040000     -2.858208000     -2.429871000 
6        9.150996000     -1.900085000     -1.821064000 
6        8.905193000     -3.905613000     -3.244753000 
6        8.086453000     -4.845211000     -3.833163000 
6        6.669917000     -4.823907000     -3.665245000 
1        3.031445000     -2.695690000     -1.773682000 
6        7.689714000      3.157651000      2.018702000 
6        9.107687000      3.104116000      1.832644000 
6        9.673644000      2.078744000      1.026962000 
6        3.867229000     -4.738933000     -3.291417000 
6        4.442646000     -5.736036000     -4.062572000 
6        5.830024000     -5.782716000     -4.253094000 
1        2.790617000     -4.709211000     -3.144522000 
6        4.884429000      3.313521000      2.412004000 
6        5.683784000      4.235833000      3.001612000 
6        7.120498000      4.205576000      2.836455000 
1        3.806040000      3.350651000      2.543581000 
6        9.942836000      4.069703000      2.448034000 
6        9.368594000      5.102578000      3.258105000 
6        7.951127000      5.135236000      3.426888000 
1        3.813406000     -6.491655000     -4.525134000 
1        6.269441000     -6.570013000     -4.860299000 
1        5.256431000      5.025154000      3.615088000 
1        7.520701000      5.922777000      4.041821000 
6       11.103838000      2.024896000      0.838704000 
6       11.908718000      2.989010000      1.457141000 
6       11.364903000      4.013002000      2.258934000 
6       10.842300000      0.038690000     -0.582285000 
6       11.645086000      0.992464000      0.029900000 
6       10.588412000     -1.946342000     -2.002472000 
6       11.137371000     -3.001276000     -2.824912000 
6       10.341634000     -3.927492000     -3.411679000 
6       11.385056000     -1.001626000     -1.396919000 
1       12.986325000      2.947718000      1.314994000 
1       12.722655000      0.951242000     -0.112111000 
1       12.215617000     -3.033331000     -2.960701000 
1       12.463312000     -1.039950000     -1.535718000 
6       10.217475000      6.047292000      3.856974000 
6       11.604938000      5.987973000      3.670111000 
6       12.173815000      4.994492000      2.888798000 
1        8.525688000     -5.631557000     -4.443411000 
1       10.771327000     -4.714866000     -4.026139000 
1        9.785449000      6.832470000      4.472147000 
1       12.240358000      6.730984000      4.144343000 
1       13.251005000      4.955533000      2.748632000 
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U on 15-ring GOO-, CN = 5 
6        5.134384000     -4.712353000      0.103341000 
6        5.864888000     -3.518089000     -0.122094000 
6        5.306394000     -2.258978000      0.238351000 
6        3.282606000     -3.392099000      1.025783000 
6        3.421825000     -0.925497000      1.174265000 
6        4.177526000      0.255112000      0.981448000 
6        5.482830000      0.188316000      0.373135000 
6        6.039454000     -1.070780000      0.005889000 
6        6.211318000      1.378189000      0.136367000 
6        4.367762000      2.704401000      1.136861000 
6        3.664562000      1.533520000      1.363992000 
1        2.719662000      1.574739000      1.900510000 
92       0.013840000     -0.452139000      1.010978000 
8       -0.000639000      1.009227000      2.044589000 
8        0.109011000     -1.816769000     -0.126464000 
8        1.447168000      0.869253000     -0.705982000 
8       -1.296110000      0.898650000     -0.746795000 
1       -2.157947000      1.212634000     -0.405823000 
1       -0.785950000      1.683653000     -1.006137000 
1        2.234871000      1.247841000     -0.255899000 
1        1.801122000      0.241842000     -1.359594000 
8        0.239631000     -1.907510000      3.132137000 
1       -0.162407000     -1.494965000      3.914508000 
1        1.205230000     -1.749111000      3.187965000 
6       -4.412292000      2.689332000      1.087304000 
6       -5.724798000      2.615068000      0.485601000 
6       -6.251942000      1.339064000      0.114241000 
6       -3.673925000      1.532310000      1.268064000 
6       -3.934134000     -2.207184000      0.683000000 
6       -6.030857000     -1.103487000     -0.056722000 
6       -5.812926000     -3.545613000     -0.212847000 
6       -5.054164000     -4.727138000     -0.015256000 
6       -3.201179000     -3.377987000      0.864407000 
1       -2.713353000      1.586504000      1.773873000 
8       -2.133022000     -0.820004000      1.432616000 
1       -2.196259000     -3.314596000      1.267922000 
6       -5.490720000      0.163037000      0.310803000 
6       -4.169078000      0.251873000      0.877568000 
6       -5.268286000     -2.279127000      0.141229000 
6       -3.731845000     -4.644952000      0.534027000 
6       -7.341063000     -1.184260000     -0.625402000 
6       -7.879953000     -2.458335000     -0.983050000 
6       -7.128449000     -3.625159000     -0.775306000 
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6       -7.560330000      1.257671000     -0.468143000 
6       -8.096405000     -0.008868000     -0.832943000 
6       -8.315572000      2.437776000     -0.677843000 
6       -7.782964000      3.704010000     -0.306560000 
6       -6.480709000      3.782412000      0.283737000 
6       -5.604271000     -6.003221000     -0.367313000 
6       -6.918459000     -6.055053000     -0.923021000 
6       -7.670330000     -4.918199000     -1.131610000 
6       -2.996076000     -5.841681000      0.722885000 
6       -3.541846000     -7.070321000      0.382956000 
6       -4.831103000     -7.156386000     -0.157232000 
6       -3.918143000      3.987230000      1.484613000 
6       -4.646599000      5.114239000      1.283049000 
6       -5.955805000      5.071093000      0.671468000 
6       -6.708674000      6.208396000      0.458132000 
6       -8.004991000      6.159398000     -0.136434000 
6       -8.540342000      4.884260000     -0.516955000 
1       -2.963669000     -7.977936000      0.534051000 
1       -5.245511000     -8.125930000     -0.421928000 
1       -4.256146000      6.082959000      1.585767000 
1       -6.309521000      7.176904000      0.752213000 
1       -2.937835000      4.039706000      1.952865000 
1       -1.992899000     -5.780172000      1.136635000 
6       -9.630722000      2.358158000     -1.268963000 
6      -10.357107000      3.538166000     -1.471362000 
6       -9.846442000      4.801732000     -1.111186000 
6       -8.998699000     -4.964240000     -1.703217000 
6       -9.206618000     -2.531147000     -1.561728000 
6       -9.723351000     -3.837068000     -1.907641000 
6       -9.415615000     -0.086803000     -1.417000000 
6      -10.141040000      1.080835000     -1.621402000 
6       -9.928408000     -1.375785000     -1.764439000 
1      -11.347308000      3.478995000     -1.917665000 
1      -10.719389000     -3.893309000     -2.340141000 
1      -11.133317000      1.020422000     -2.063003000 
1      -10.923215000     -1.435143000     -2.200953000 
6       -8.774048000      7.314236000     -0.357499000 
6      -10.044785000      7.227810000     -0.940059000 
6      -10.576665000      6.002716000     -1.311192000 
1       -7.330121000     -7.025889000     -1.190858000 
1       -9.405426000     -5.936735000     -1.969870000 
1       -8.371186000      8.281913000     -0.069765000 
1      -10.620919000      8.135153000     -1.101631000 
1      -11.564681000      5.946716000     -1.760941000 
6       -3.381908000     -0.916045000      1.016450000 
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6        5.665452000      2.649002000      0.500320000 
6        3.988063000     -2.207263000      0.821439000 
6        3.825186000     -4.651005000      0.685854000 
6        7.334979000     -1.131435000     -0.598573000 
6        7.889577000     -2.398503000     -0.957098000 
6        7.166534000     -3.577434000     -0.719153000 
6        7.505351000      1.316263000     -0.479925000 
6        8.059336000      0.056260000     -0.840902000 
6        8.228889000      2.509236000     -0.726732000 
6        7.677595000      3.769353000     -0.362614000 
6        6.388642000      3.828864000      0.258733000 
8        2.194754000     -0.854981000      1.663485000 
6        5.698363000     -5.980581000     -0.255468000 
6        6.998963000     -6.012075000     -0.843595000 
6        7.723740000     -4.863020000     -1.079010000 
6        3.115082000     -5.859591000      0.897752000 
6        3.674159000     -7.079929000      0.550417000 
6        4.951455000     -7.146064000     -0.020427000 
6        3.852931000      3.998214000      1.521767000 
6        4.549773000      5.137110000      1.280424000 
6        5.844330000      5.112425000      0.637265000 
6        6.565520000      6.262026000      0.386230000 
6        7.848478000      6.231717000     -0.238544000 
6        8.403148000      4.962280000     -0.610607000 
1        3.116016000     -7.996760000      0.719810000 
1        5.376486000     -8.109508000     -0.290322000 
1        4.144272000      6.102248000      1.574588000 
1        6.151654000      7.226357000      0.673545000 
1        2.883456000      4.037110000      2.013015000 
1        2.121263000     -5.814069000      1.335546000 
6        9.530793000      2.448946000     -1.349118000 
6       10.226139000      3.640726000     -1.586971000 
6        9.696441000      4.898597000     -1.234439000 
6        9.038072000     -4.889081000     -1.683436000 
6        9.202191000     -2.451386000     -1.569379000 
6        9.735637000     -3.750362000     -1.915818000 
6        9.364572000     -0.001798000     -1.457935000 
6       10.059706000      1.177548000     -1.696057000 
6        9.894999000     -1.284219000     -1.802947000 
1       11.206305000      3.595755000     -2.056424000 
1       10.721396000     -3.791709000     -2.372806000 
1       11.041644000      1.131735000     -2.161821000 
1       10.879262000     -1.328722000     -2.264383000 
6        8.585744000      7.399098000     -0.496794000 
6        9.844432000      7.330827000     -1.107667000 
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6       10.394834000      6.111807000     -1.471084000 
1        7.421880000     -6.976970000     -1.115202000 
1        9.456548000     -5.856084000     -1.951780000 
1        8.168120000      8.362409000     -0.215607000 
1       10.396062000      8.247814000     -1.297684000 
1       11.373021000      6.069960000     -1.943249000 
1        2.285034000     -3.348254000      1.449288000 
Eu Complexed with two GO sheets (Optimized at B3LYP/Stuttgart RSC 1997/6-31G(d) level of 
theory) 
Eu on three-ring GOCOO-, CN = 6 
6        6.377181000     -0.275226000      1.653702000 
6        6.124304000      0.758874000      0.744501000 
6        4.847507000      0.819165000      0.072368000 
6        3.884265000     -0.198438000      0.326091000 
6        4.160449000     -1.253004000      1.242930000 
6        5.432415000     -1.271102000      1.926972000 
6        5.715578000     -2.300037000      2.871633000 
6        4.790009000     -3.277444000      3.149977000 
6        3.537845000     -3.263272000      2.488237000 
6        3.231206000     -2.288524000      1.563322000 
6        4.641802000      1.893297000     -0.845347000 
6        5.623347000      2.832308000     -1.078106000 
6        6.871803000      2.767709000     -0.412335000 
6        7.112720000      1.750775000      0.480688000 
1        7.337086000     -0.305131000      2.164278000 
1        6.680625000     -2.292528000      3.371164000 
1        5.013069000     -4.056327000      3.872620000 
1        2.807286000     -4.035537000      2.710947000 
1        2.276217000     -2.315318000      1.056286000 
1        3.688959000      1.979797000     -1.349820000 
1        5.434932000      3.638487000     -1.781243000 
1        7.630758000      3.518788000     -0.608560000 
1        8.064417000      1.684241000      1.000961000 
6        2.558584000     -0.159729000     -0.380292000 
8        2.096850000     -1.222085000     -0.915461000 
8        1.903435000      0.934017000     -0.428201000 
63       0.000207000     -0.011028000     -1.575795000 
8        0.802916000     -1.703129000     -3.233195000 
1        0.623977000     -2.298786000     -3.975511000 
1        1.583396000     -2.038864000     -2.751004000 
6       -6.377779000      0.296399000      1.648741000 
6       -5.433776000      1.296357000      1.909443000 
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6       -4.161320000      1.269952000      1.226582000 
6       -3.883856000      0.203514000      0.323962000 
6       -4.846530000     -0.817742000      0.082790000 
6       -6.123766000     -0.749352000      0.753310000 
6       -7.111577000     -1.745093000      0.501899000 
6       -6.869728000     -2.773384000     -0.377743000 
6       -5.620928000     -2.845913000     -1.042039000 
6       -4.639931000     -1.903521000     -0.820915000 
6       -3.232954000      2.310254000      1.533847000 
6       -3.540943000      3.297050000      2.445442000 
6       -4.793590000      3.319227000      3.106061000 
6       -5.718298000      2.337558000      2.840149000 
1       -7.338033000      0.332445000      2.158260000 
1       -8.063586000     -1.672249000      1.020759000 
1       -7.628218000     -3.527314000     -0.564618000 
1       -5.431797000     -3.660968000     -1.734673000 
1       -3.686869000     -1.996034000     -1.323871000 
1       -2.277598000      2.330950000      1.027222000 
1       -2.811057000      4.072707000      2.658371000 
1       -5.017666000      4.107570000      3.818055000 
1       -6.683701000      2.336036000      3.339043000 
6       -2.557437000      0.155847000     -0.380460000 
8       -1.902814000     -0.938794000     -0.414304000 
8       -2.094643000      1.211207000     -0.928389000 
8       -0.804188000      1.659327000     -3.254147000 
1       -1.583214000      2.001881000     -2.774344000 
1       -0.624092000      2.247540000     -4.002101000 
Eu on three-ring GOCOO-, CN = 5 
6        6.501767000     -0.196576000      1.440235000 
6        6.170498000      0.881153000      0.610101000 
6        4.858807000      0.939332000      0.008697000 
6        3.941691000     -0.123378000      0.247401000 
6        4.297492000     -1.221962000      1.081012000 
6        5.602965000     -1.238135000      1.698705000 
6        5.965378000     -2.311449000      2.563026000 
6        5.085344000     -3.334786000      2.825770000 
6        3.801796000     -3.323885000      2.227945000 
6        3.418346000     -2.305820000      1.381204000 
6        4.572253000      2.059390000     -0.828463000 
6        5.511456000      3.043131000     -1.053215000 
6        6.794513000      2.979760000     -0.457646000 
6        7.112977000      1.919292000      0.357842000 
1        7.487374000     -0.224780000      1.899278000 
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1        6.953839000     -2.301472000      3.014338000 
1        5.368849000     -4.147358000      3.487515000 
1        3.108007000     -4.132791000      2.437538000 
1        2.440312000     -2.334548000      0.920293000 
1        3.591726000      2.145158000     -1.276836000 
1        5.261444000      3.883369000     -1.694445000 
1        7.519229000      3.765892000     -0.645618000 
1        8.092470000      1.853781000      0.823775000 
6        2.578884000     -0.086003000     -0.386917000 
8        2.128315000     -1.127921000     -0.971770000 
8        1.887570000      0.984707000     -0.324269000 
63      -0.031597000      0.060535000     -1.458279000 
8        0.913546000     -1.159167000     -3.416388000 
1        0.854253000     -1.526954000     -4.310666000 
1        1.707307000     -1.531973000     -2.983737000 
6       -6.582988000      0.289461000      1.316209000 
6       -5.727585000      1.387900000      1.468397000 
6       -4.414692000      1.356151000      0.868243000 
6       -4.004771000      0.188694000      0.162704000 
6       -4.878150000     -0.928458000      0.031678000 
6       -6.198911000     -0.857982000      0.610383000 
6       -7.096247000     -1.953225000      0.462702000 
6       -6.724418000     -3.082696000     -0.230867000 
6       -5.432549000     -3.158697000     -0.802282000 
6       -4.534748000     -2.118468000     -0.675234000 
6       -3.582744000      2.499843000      1.051839000 
6       -4.015850000      3.590005000      1.778650000 
6       -5.304541000      3.614361000      2.361577000 
6       -6.142078000      2.533088000      2.205930000 
1       -7.575351000      0.328361000      1.759563000 
1       -8.084419000     -1.878091000      0.908349000 
1       -7.415743000     -3.912571000     -0.339792000 
1       -5.140747000     -4.052252000     -1.346265000 
1       -3.544406000     -2.210835000     -1.100376000 
1       -2.602787000      2.517421000      0.594590000 
1       -3.357505000      4.445004000      1.900884000 
1       -5.628137000      4.482708000      2.927024000 
1       -7.135124000      2.534460000      2.647060000 
6       -2.631844000      0.137148000     -0.453325000 
8       -1.898542000     -0.890271000     -0.257154000 
8       -2.226175000      1.120229000     -1.153509000 
Eu on three-ring GOO-, CN = 6 
6       -1.559891000      3.164338000      1.777455000 
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6       -2.683909000      4.023368000      1.754598000 
6       -3.923889000      3.529353000      1.409494000 
6       -4.098391000      2.162373000      1.050335000 
6       -2.949037000      1.304666000      1.032414000 
6       -1.695501000      1.830839000      1.425370000 
6       -3.082830000     -0.079818000      0.618203000 
6       -4.406601000     -0.591744000      0.333573000 
6       -5.542166000      0.284581000      0.387527000 
6       -5.367457000      1.642004000      0.723155000 
6       -6.827840000     -0.247797000      0.089822000 
6       -6.984495000     -1.579148000     -0.235509000 
6       -5.862873000     -2.437759000     -0.280894000 
6       -4.598152000     -1.948020000     -0.004710000 
1       -0.596096000      3.546927000      2.102262000 
1       -2.570959000      5.067346000      2.030904000 
1       -4.793715000      4.180844000      1.414522000 
1       -0.845579000      1.159097000      1.502303000 
8       -2.045743000     -0.828206000      0.493522000 
1       -6.232089000      2.300161000      0.743909000 
1       -7.688876000      0.413977000      0.128461000 
1       -7.972868000     -1.971924000     -0.454794000 
1       -5.997584000     -3.486137000     -0.530120000 
1       -3.733226000     -2.602432000     -0.028263000 
8        0.045517000      1.534783000     -1.261471000 
63      -0.040318000     -1.037300000     -0.723228000 
8        0.837661000     -3.335473000     -1.305409000 
8        0.722474000     -0.998172000      1.692315000 
1        0.945902000      1.883848000     -1.439733000 
1       -0.392565000      2.159534000     -0.653996000 
1        0.822009000     -4.197166000     -1.745920000 
1        1.744358000     -2.957309000     -1.378305000 
1        1.640199000     -1.231206000      1.937043000 
1        0.152133000     -1.218635000      2.444874000 
8       -0.909659000     -0.339222000     -3.018075000 
1       -0.836014000      0.631484000     -2.991214000 
1       -1.182358000     -0.594894000     -3.911519000 
6        4.184755000     -2.644703000      2.416711000 
6        5.117328000     -1.811479000      3.091764000 
6        5.422708000     -0.569377000      2.592052000 
6        4.812109000     -0.075102000      1.397927000 
6        3.864551000     -0.920745000      0.715576000 
6        3.580112000     -2.209752000      1.256880000 
6        3.212082000     -0.455379000     -0.471901000 
6        3.552869000      0.837672000     -0.980282000 
6        4.487656000      1.674038000     -0.272434000 
 197 
 
6        5.098827000      1.204574000      0.898703000 
6        4.754437000      2.979791000     -0.792308000 
6        4.146266000      3.434941000     -1.935832000 
6        3.247924000      2.594869000     -2.651125000 
6        2.969362000      1.326439000     -2.186063000 
1        3.966950000     -3.634719000      2.807651000 
1        5.593987000     -2.165997000      4.000962000 
1        6.141055000      0.065864000      3.104007000 
1        2.892660000     -2.856916000      0.720275000 
8        2.286569000     -1.178500000     -1.065708000 
1        5.802952000      1.840618000      1.428560000 
1        5.457987000      3.612923000     -0.257536000 
1        4.365146000      4.430099000     -2.311729000 
1        2.814452000      2.944161000     -3.584582000 
1        2.339943000      0.650537000     -2.759034000 
Eu on three-ring GOO-, CN = 5 
6        1.420808000      2.923257000     -1.999757000 
6        2.533665000      3.795506000     -2.064017000 
6        3.783864000      3.349046000     -1.693644000 
6        3.983329000      2.020387000     -1.219903000 
6        2.846377000      1.150256000     -1.119141000 
6        1.580324000      1.626682000     -1.539749000 
6        3.003086000     -0.190321000     -0.593891000 
6        4.332388000     -0.655304000     -0.271336000 
6        5.455373000      0.230092000     -0.405401000 
6        5.260834000      1.549413000     -0.857728000 
6        6.749642000     -0.256337000     -0.065442000 
6        6.926656000     -1.550494000      0.375556000 
6        5.817654000     -2.419314000      0.499093000 
6        4.546576000     -1.974964000      0.183900000 
1        0.447303000      3.265596000     -2.339593000 
1        2.402704000      4.810845000     -2.425826000 
1        4.643855000      4.009750000     -1.764456000 
1        0.741801000      0.935998000     -1.555363000 
8        1.973922000     -0.943325000     -0.406550000 
1        6.115634000      2.215420000     -0.940673000 
1        7.600645000      0.412089000     -0.164946000 
1        7.921076000     -1.907765000      0.626072000 
1        5.968869000     -3.439622000      0.838937000 
1        3.692352000     -2.638693000      0.265875000 
8        0.099454000      1.383180000      1.275879000 
63      -0.021066000     -1.130514000      0.803979000 
8       -0.782517000     -1.525663000     -1.562836000 
 198 
 
1       -0.760865000      1.810564000      1.477958000 
1        0.561642000      1.952447000      0.631073000 
1       -1.713560000     -1.712663000     -1.795677000 
1       -0.243443000     -1.657090000     -2.357740000 
8        0.799086000     -0.638386000      3.174672000 
1        0.920463000      0.325286000      3.220676000 
1        0.901779000     -0.983590000      4.074620000 
6       -4.425242000     -2.813320000     -2.162135000 
6       -5.289671000     -1.939342000     -2.872219000 
6       -5.479791000     -0.648703000     -2.438330000 
6       -4.808339000     -0.147107000     -1.281986000 
6       -3.917225000     -1.029807000     -0.576107000 
6       -3.759859000     -2.366755000     -1.038119000 
6       -3.189329000     -0.557339000      0.570116000 
6       -3.441658000      0.778382000      1.036301000 
6       -4.328055000      1.646795000      0.307294000 
6       -4.987710000      1.173936000     -0.837657000 
6       -4.498601000      2.986616000      0.776141000 
6       -3.847319000      3.442989000      1.896456000 
6       -3.000531000      2.572121000      2.635259000 
6       -2.813039000      1.269868000      2.214560000 
1       -4.310352000     -3.841923000     -2.492208000 
1       -5.812820000     -2.300219000     -3.752879000 
1       -6.153423000      0.015621000     -2.973493000 
1       -3.137238000     -3.040215000     -0.456196000 
8       -2.291850000     -1.307528000      1.150172000 
1       -5.651332000      1.837316000     -1.385865000 
1       -5.164602000      3.645202000      0.224450000 
1       -3.995018000      4.464001000      2.235745000 
1       -2.537449000      2.924157000      3.553323000 
1       -2.220858000      0.576207000      2.806105000 
Eu on three-ring GOO-, CN = 4 
6       -4.322633000     -3.642264000     -0.433700000 
6       -5.672184000     -3.458383000     -0.796893000 
6       -6.210999000     -2.186233000     -0.845149000 
6       -5.419850000     -1.049591000     -0.532136000 
6       -4.048639000     -1.242669000     -0.163152000 
6       -3.527681000     -2.548937000     -0.122603000 
6       -3.215380000     -0.096764000      0.159530000 
6       -3.800780000      1.233227000      0.101478000 
6       -5.175818000      1.390859000     -0.271528000 
6       -5.956608000      0.255063000     -0.579241000 
6       -5.725920000      2.698587000     -0.324324000 
 199 
 
6       -4.953510000      3.804298000     -0.022748000 
6       -3.602068000      3.643575000      0.343884000 
6       -3.038731000      2.377440000      0.404159000 
1       -3.905557000     -4.644157000     -0.398691000 
1       -6.288247000     -4.318756000     -1.039807000 
1       -7.250496000     -2.040065000     -1.125310000 
1       -2.488878000     -2.687615000      0.156776000 
8       -1.993178000     -0.256933000      0.494175000 
1       -6.997331000      0.389796000     -0.861930000 
1       -6.768080000      2.817365000     -0.607575000 
1       -5.386756000      4.798788000     -0.068130000 
1       -3.001058000      4.516766000      0.579476000 
1       -1.997953000      2.260133000      0.688187000 
63       0.315245000     -0.256845000      0.710172000 
8        1.419616000     -2.282039000      1.718275000 
1        2.149740000     -2.626997000      1.155120000 
1        1.393334000     -2.839103000      2.511439000 
8        0.990949000      2.048330000      1.468546000 
1        1.004523000      2.588364000      2.273854000 
1        1.613297000      2.473647000      0.834136000 
6        3.878023000     -3.583917000     -0.521719000 
6        5.225814000     -3.411243000     -0.092847000 
6        5.763959000     -2.153209000      0.004376000 
6        4.992296000     -0.983610000     -0.288558000 
6        3.620645000     -1.159515000     -0.696109000 
6        3.103231000     -2.484470000     -0.825477000 
6        2.790519000     -0.022061000     -0.943664000 
6        3.367936000      1.281786000     -0.838689000 
6        4.742032000      1.437280000     -0.432512000 
6        5.526072000      0.306275000     -0.163677000 
6        5.255880000      2.765202000     -0.287842000 
6        4.472001000      3.867405000     -0.519127000 
6        3.120857000      3.710879000     -0.940933000 
6        2.589371000      2.449102000     -1.105629000 
1        3.480424000     -4.586927000     -0.652989000 
1        5.831449000     -4.283442000      0.135253000 
1        6.798278000     -2.022872000      0.312488000 
1        2.099820000     -2.604775000     -1.225537000 
8        1.500385000     -0.169971000     -1.193472000 
1        6.557118000      0.431843000      0.155973000 
1        6.292446000      2.885246000      0.017014000 
1        4.884571000      4.865137000     -0.401193000 
1        2.525126000      4.589834000     -1.172641000 
1        1.584592000      2.315231000     -1.497935000 
 200 
 
Eu on 15-ring GOCOO-, CN = 6 
6        6.397414000     -1.018029000      1.108183000 
6        4.800856000     -0.239380000     -0.635912000 
6        5.738754000     -2.777055000      2.692642000 
6        4.778726000     -3.697948000      3.182172000 
6        4.556567000      0.634681000     -1.737012000 
6        5.499036000      1.533530000     -2.196934000 
6        6.787966000      1.609579000     -1.561182000 
6        7.069966000      0.751978000     -0.459890000 
1        3.583801000      0.609431000     -2.208850000 
8        2.068719000     -2.478885000     -1.144133000 
8        1.869370000     -0.263622000     -1.198866000 
63      -0.004452000     -1.449975000     -2.305487000 
8        1.108487000     -3.437414000     -3.438917000 
1        1.095828000     -4.261927000     -3.944686000 
1        1.781547000     -3.520604000     -2.730220000 
6       -4.596066000      0.373091000     -0.409986000 
6       -4.152290000     -0.855936000     -0.960035000 
6       -6.964947000     -4.054626000     -1.565644000 
6       -3.712865000      1.462575000     -0.150559000 
6       -4.142675000      2.652068000      0.406426000 
1       -2.669685000      1.360715000     -0.417809000 
6       -2.711462000     -1.008097000     -1.384571000 
8       -2.075613000     -2.069796000     -1.092969000 
8       -2.163692000     -0.058876000     -2.040953000 
8       -0.885374000     -0.251574000     -4.366243000 
1       -1.640536000      0.134841000     -3.872994000 
1       -0.806083000      0.208195000     -5.213530000 
6       -5.583293000     -4.240259000     -1.889116000 
6       -7.397089000     -2.815741000     -1.028069000 
6       -6.462592000     -1.756822000     -0.812554000 
6       -5.067132000     -1.941940000     -1.145319000 
6       -4.674093000     -3.186932000     -1.675432000 
6       -5.986323000      0.534327000     -0.053538000 
6       -6.911148000     -0.528477000     -0.272727000 
6       -6.441382000      1.756783000      0.504912000 
6       -5.531073000      2.825698000      0.741794000 
6       -8.296971000     -0.353072000      0.058393000 
6       -8.746412000      0.871083000      0.606551000 
6       -7.824962000      1.929481000      0.836755000 
6       -8.777540000     -2.635734000     -0.704326000 
6       -9.223713000     -1.412634000     -0.164748000 
6       -9.712469000     -3.711593000     -0.929966000 
6       -9.263726000     -4.909647000     -1.455608000 
 201 
 
6       -7.896865000     -5.116931000     -1.783518000 
1       -3.629676000     -3.352927000     -1.902184000 
6       -5.979531000      4.042398000      1.297984000 
6       -7.358727000      4.212966000      1.623538000 
6       -8.275115000      3.151849000      1.388656000 
6       -5.166196000     -5.487450000     -2.419793000 
6       -6.079377000     -6.514289000     -2.627689000 
6       -7.429157000     -6.337389000     -2.316654000 
1       -4.116204000     -5.629480000     -2.661196000 
6       -3.232780000      3.744114000      0.663968000 
6       -3.662178000      4.913826000      1.201252000 
6       -5.051473000      5.119425000      1.540261000 
1       -2.184648000      3.604714000      0.412612000 
6       -7.810971000      5.436220000      2.177729000 
6       -6.884784000      6.499308000      2.413578000 
6       -5.513218000      6.305736000      2.084161000 
1       -5.742393000     -7.463234000     -3.034825000 
1       -8.136707000     -7.145356000     -2.482418000 
1       -2.963617000      5.725370000      1.387457000 
1       -4.813780000      7.118091000      2.267377000 
6       -9.668481000      3.326743000      1.715855000 
6      -10.093770000      4.547972000      2.262524000 
6       -9.198086000      5.608553000      2.502013000 
6      -10.141048000      1.047561000      0.935390000 
6      -10.566696000      2.260675000      1.476800000 
6      -10.619950000     -1.229174000      0.164921000 
6      -11.531815000     -2.322841000     -0.075444000 
6      -11.101137000     -3.498957000     -0.594183000 
6      -11.043257000     -0.027828000      0.696615000 
1      -11.144795000      4.678869000      2.509113000 
1      -11.617197000      2.392939000      1.724214000 
1      -12.579999000     -2.179166000      0.172963000 
1      -12.093006000      0.109113000      0.944875000 
6       -7.362417000      7.704878000      2.965395000 
6       -8.715213000      7.870132000      3.279942000 
6       -9.622902000      6.844039000      3.054868000 
1       -9.970847000     -5.718639000     -1.623433000 
1      -11.799380000     -4.313387000     -0.768382000 
1       -6.661930000      8.515797000      3.146797000 
1       -9.056401000      8.809732000      3.704016000 
1      -10.672771000      6.977396000      3.301401000 
6        3.496971000     -3.783866000      2.551816000 
6        5.431812000     -1.939874000      1.576854000 
6        4.143823000     -2.039575000      0.927996000 
6        3.211638000     -2.959557000      1.447187000 
 202 
 
6        3.847669000     -1.184351000     -0.182328000 
6        6.094677000     -0.167996000      0.004764000 
6        7.681268000     -0.937728000      1.745587000 
6        8.649903000     -0.020166000      1.276770000 
6        8.353111000      0.827538000      0.174413000 
6        7.017410000     -2.693955000      3.326095000 
6        7.982248000     -1.782313000      2.853753000 
6        7.316820000     -3.548298000      4.450155000 
6        6.361402000     -4.437242000      4.907709000 
6        5.081072000     -4.537695000      4.299090000 
6        2.515794000     -1.311623000     -0.883573000 
1        2.245718000     -3.057193000      0.970213000 
6        7.754641000      2.525455000     -2.025882000 
6        9.031752000      2.598206000     -1.392278000 
6        9.322726000      1.745873000     -0.292756000 
6        2.544572000     -4.705130000      3.057738000 
6        2.847274000     -5.515793000      4.144914000 
6        4.098371000     -5.438631000      4.761276000 
1        1.570693000     -4.768462000      2.579891000 
6        5.230731000      2.414304000     -3.310255000 
6        6.159580000      3.295500000     -3.758820000 
6        7.461980000      3.392849000     -3.140720000 
1        4.254178000      2.354128000     -3.783562000 
6       10.003696000      3.518060000     -1.858411000 
6        9.705366000      4.373869000     -2.963895000 
6        8.424774000      4.284078000     -3.580574000 
1        2.106411000     -6.215994000      4.519655000 
1        4.326867000     -6.077169000      5.610415000 
1        5.940309000      3.951256000     -4.597383000 
1        8.204501000      4.938438000     -4.420810000 
6       10.612847000      1.821671000      0.346944000 
6       11.560132000      2.739766000     -0.132524000 
6       11.287102000      3.591245000     -1.221020000 
6        9.941863000      0.057816000      1.916950000 
6       10.885425000      0.967825000      1.441369000 
6        9.277879000     -1.699080000      3.491478000 
6        9.548935000     -2.568704000      4.612223000 
6        8.619187000     -3.444464000      5.066350000 
6       10.213406000     -0.800581000      3.020371000 
1       12.532815000      2.796252000      0.350493000 
1       11.858237000      1.026091000      1.923566000 
1       10.524226000     -2.502441000      5.086998000 
1       11.187297000     -0.738420000      3.499982000 
6       10.690296000      5.278843000     -3.406104000 
6       11.940825000      5.347769000     -2.782924000 
 203 
 
6       12.240797000      4.521487000     -1.708659000 
1        6.589368000     -5.078667000      5.755786000 
1        8.837510000     -4.091953000      5.911469000 
1       10.467964000      5.931491000     -4.246208000 
1       12.681849000      6.054481000     -3.144174000 
1       13.213634000      4.579349000     -1.227974000 
Eu on 15-ring GOO-, CN = 6 
6        3.120623000     -2.154626000     -0.121660000 
6        4.436323000     -2.791357000     -0.125832000 
8        2.086362000     -2.796749000      0.259555000 
8        0.585351000      0.048172000      2.330511000 
63       0.370357000     -2.560291000      1.949434000 
8       -0.822558000     -4.562655000      2.981075000 
8       -0.895572000     -2.524352000     -0.263079000 
1       -0.241533000      0.427855000      2.706354000 
1        0.874257000      0.639055000      1.611737000 
1       -0.835976000     -5.275017000      3.636295000 
1       -1.565936000     -3.943248000      3.181825000 
1       -1.872465000     -2.599397000     -0.276507000 
1       -0.559397000     -2.897797000     -1.092244000 
8        1.922617000     -1.776471000      3.839043000 
1        1.842588000     -0.814864000      3.690890000 
1        2.720253000     -1.930906000      4.365686000 
6       -5.471728000     -2.432446000     -0.724375000 
6       -5.482612000     -1.103259000     -0.198471000 
6       -4.601767000     -0.736214000      0.847957000 
6       -3.743886000      0.963067000      2.401318000 
6       -4.623424000      0.595897000      1.356108000 
6       -3.773659000      2.288614000      2.925299000 
6       -2.905401000      2.660327000      3.985564000 
8       -1.835919000     -2.164721000      2.826440000 
6        1.660118000      1.217768000     -0.975620000 
6        2.849851000      1.986108000     -1.218850000 
6        4.124846000      1.353245000     -1.148537000 
6        4.223588000     -0.021724000     -0.814265000 
6        3.034613000     -0.766014000     -0.538094000 
6        1.781386000     -0.133635000     -0.647962000 
6        5.611735000     -2.018137000     -0.433613000 
6        5.510606000     -0.648181000     -0.756763000 
6        6.888243000     -2.648366000     -0.398317000 
6        6.993591000     -4.028331000     -0.081588000 
6        5.815960000     -4.791021000      0.205869000 
6        4.557665000     -4.137748000      0.181029000 
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6        6.686380000      0.109169000     -1.036796000 
6        7.964889000     -0.520558000     -0.993203000 
6        8.066063000     -1.891447000     -0.680175000 
6        5.310178000      2.116146000     -1.415929000 
6        6.585675000      1.487987000     -1.359179000 
6        5.208454000      3.489637000     -1.737353000 
6        3.930482000      4.120414000     -1.802125000 
6        2.750871000      3.362192000     -1.545859000 
1        0.879177000     -0.725669000     -0.523766000 
1        3.657528000     -4.704809000      0.399114000 
6        8.276751000     -4.659942000     -0.050394000 
6        9.436597000     -3.883156000     -0.334044000 
6        9.356970000     -2.537559000     -0.640360000 
6        5.942203000     -6.164380000      0.510517000 
6        7.193764000     -6.771439000      0.535984000 
6        8.346020000     -6.032501000      0.261357000 
6        0.380857000      1.873642000     -1.080814000 
6        0.289458000      3.197140000     -1.383049000 
6        1.464034000      3.996347000     -1.625711000 
6        1.387164000      5.348838000     -1.941734000 
6        2.545391000      6.124246000     -2.195017000 
6        3.829903000      5.497560000     -2.125932000 
1        7.277243000     -7.828410000      0.770650000 
1        9.318041000     -6.518162000      0.285238000 
1       -0.682981000      3.676987000     -1.456123000 
1        0.412657000      5.827592000     -2.002180000 
1       -0.518184000      1.283143000     -0.918311000 
1        5.047775000     -6.743676000      0.724072000 
6        6.398554000      4.255607000     -2.004576000 
6        6.272159000      5.625013000     -2.320917000 
6        5.018487000      6.262545000     -2.387594000 
6       10.528016000     -1.739727000     -0.926421000 
6        9.153365000      0.252835000     -1.274386000 
6       10.431190000     -0.420161000     -1.224957000 
6        7.772517000      2.250539000     -1.632533000 
6        7.652128000      3.611053000     -1.944380000 
6        9.037036000      1.595067000     -1.578886000 
1        7.170216000      6.203874000     -2.521942000 
1       11.323860000      0.162305000     -1.437083000 
1        8.550069000      4.188741000     -2.149690000 
1        9.931942000      2.176003000     -1.788825000 
6        2.473317000      7.502321000     -2.519955000 
6        3.629589000      8.238545000     -2.769945000 
6        4.884582000      7.638130000     -2.707575000 
1       10.408631000     -4.369790000     -0.306708000 
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1       11.498702000     -2.227456000     -0.896116000 
1        1.498963000      7.980092000     -2.573904000 
1        3.551145000      9.293055000     -3.017931000 
1        5.779706000      8.221104000     -2.906178000 
6       -4.560925000     -3.406392000     -0.166533000 
6       -3.683216000     -1.706223000      1.384379000 
6       -3.700482000     -3.028978000      0.853153000 
6       -2.757816000     -1.337130000      2.399847000 
6       -2.817720000      0.005337000      2.947028000 
6       -2.001863000      1.695290000      4.544501000 
6       -1.976330000      0.386928000      3.998963000 
6       -5.531430000      1.557198000      0.812743000 
6       -5.551249000      2.887277000      1.333505000 
6       -4.684037000      3.250073000      2.378397000 
6       -6.389304000     -0.135542000     -0.746370000 
6       -6.407885000      1.191190000     -0.232928000 
6       -7.265103000     -0.502598000     -1.796476000 
6       -7.250063000     -1.828190000     -2.311938000 
6       -6.346450000     -2.793661000     -1.765414000 
1       -3.046737000     -3.774031000      1.299167000 
1       -1.348967000     -0.370857000      4.461807000 
6       -2.942314000      3.993278000      4.512252000 
6       -3.853264000      4.932462000      3.943348000 
6       -4.704851000      4.593659000      2.912591000 
6       -1.168710000      2.085140000      5.621944000 
6       -1.214747000      3.379172000      6.121460000 
6       -2.085677000      4.327964000      5.575094000 
6       -4.589197000     -4.748663000     -0.699175000 
6       -5.431370000     -5.094065000     -1.706009000 
6       -6.345226000     -4.138870000     -2.289737000 
6       -7.208625000     -4.474534000     -3.314669000 
6       -8.114820000     -3.529425000     -3.879436000 
6       -8.128704000     -2.192755000     -3.362926000 
1       -0.570572000      3.659927000      6.950167000 
1       -2.112046000      5.336824000      5.978029000 
1       -5.438733000     -6.110327000     -2.092107000 
1       -7.206511000     -5.489515000     -3.705664000 
1       -3.916407000     -5.486340000     -0.267589000 
1       -0.494967000      1.352304000      6.059420000 
6       -8.178254000      0.469767000     -2.347538000 
6       -9.036325000      0.086437000     -3.386772000 
6       -9.035522000     -1.222089000     -3.910198000 
6       -5.634536000      5.541428000      2.338064000 
6       -6.474399000      3.856440000      0.777873000 
6       -6.470241000      5.193199000      1.329465000 
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6       -7.323754000      2.161568000     -0.783544000 
6       -8.176870000      1.785017000     -1.815445000 
6       -7.320296000      3.484890000     -0.244460000 
1       -9.725091000      0.818789000     -3.801273000 
1       -7.163884000      5.919252000      0.913203000 
1       -8.866843000      2.516320000     -2.229932000 
1       -8.012903000      4.214055000     -0.658675000 
6       -8.996344000     -3.864629000     -4.922212000 
6       -9.877024000     -2.914373000     -5.452792000 
6       -9.902277000     -1.617722000     -4.962128000 
1       -3.875144000      5.942588000      4.345913000 
1       -5.649002000      6.550557000      2.741767000 
1       -8.989470000     -4.877673000     -5.315562000 
1      -10.548714000     -3.198707000     -6.257738000 
1      -10.590000000     -0.886879000     -5.378996000 
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Appendix E: Results of Point-Energy Calculations Performed for All Systems 
 
 Point-energies for all systems are listed in Tables E.1 through E.8. All energies shown 
were calculated at the B3LYP/ECP60MWB-SEG/Stuttgart 1997 RSC/6-311+G(d,p) level of theory, 
except where noted. All aqueous-phase energies were calculated using PCM solvation. 






Water -2080.485 -2080.703 
Three-ring GOCOO- -19802.412 -19804.865 
Three-ring GOO- -16717.379 -16719.481 
Six-ring GOCOO- -28133.765 -28136.143 
Six-ring GOO- -25048.909 -25050.861 
Ten-ring GOCOO- -40646.198 -40648.500 
Ten-ring GOO- -37561.668 -37563.445 
15-ring GOCOO- -53126.775 -53129.023 
15-ring GOO- -50042.613 -50044.289 
15-ring GOCOOH -53141.085 -53141.508 
15-ring GOOH -50055.969 -50056.333 
20-ring GOCOO- -65607.210 a 
20-ring GOO- -62522.864 -62524.506 
aPoint-energy calculation convergence was not acheived. 
 






Uncomplexed U -27468.692 -27476.329 
Uncomplexed Np -28498.583 -28501.038 
Uncomplexed Pu -29560.205 -29567.792 














U on three-ring GOCOO-, CN = 5a -31540.910 -31543.118 
U on three-ring GOO-, CN = 5a -30536.786 -30538.874 
U on three-ring GOCOO-, CN = 5 -43118.474 -43120.730 
U on three-ring GOO-, CN = 5 -42114.136 -42116.384 
U on six-ring GOCOO-, CN = 5 -51449.753 -51451.982 
U on ten-ring GOCOO-, CN = 5 -63962.194 -63964.334 
U on 15-ring GOCOO-, CN = 5 -76442.735 -76444.830 
U on 20-ring GOCOO-, CN = 5 -88923.181 -88925.241 
U on six-ring GOO-, CN = 5 -50445.439 -50447.655 
U on ten-ring GOO-, CN = 5 -62957.871 -62960.035 
U on 15-ring GOO-, CN = 5 -75438.378 -75440.533 
U on 20-ring GOO-, CN = 5 -87918.782 -87920.932 
U on 15-ring GOCOOH (bidentate), CN = 5 -76450.941 -76456.133 
U on 15-ring GOCOOH (monodentate), CN = 5 -78531.965 -78537.136 
U on 15-ring GOOH, CN = 5 -75446.195 -75451.665 
aUsed B3LYP/CRENBL/6-311+G(d,p) level of theory. 






Np on 15-ring GOCOO-, CN = 5 -77467.951 -77468.981 
Np on 15-ring GOO-, CN = 5 -76463.620a -76464.650a 
Np on 15-ring GOCOOH (monodentate), CN = 5 -79560.067 -79561.700b 
Np on 15-ring GOOH, CN = 5 -76474.183 -76476.561 
aGround-state geometry not confirmed, energies may not be accurate. 
bPoint-energy calculation used loosened convergence criteria. 






Pu on 15-ring GOCOO-, CN = 5 -78536.342a -78538.166a 
Pu on 15-ring GOO-, CN = 5 -77532.158 -77534.016 
Pu on 15-ring GOCOOH (monodentate), CN = 5 -80625.966 -80630.823 
Pu on 15-ring GOOH, CN = 5 -77538.698 -77545.436 











Eu on three-ring GOCOO-, CN = 5 -45365.415 a 
Eu on six-ring GOCOO-, CN = 5 -53697.350 -53703.874 
Eu on ten-ring GOCOO-, CN = 5 -66210.481 -66216.590 
Eu on 15-ring GOCOO-, CN = 5 -78691.404 -78697.212 
Eu on three-ring GOO-, CN = 5 -44361.663 -44368.617 
Eu on six-ring GOO-, CN = 5 -52693.350 -52699.963 
Eu on ten-ring GOO-, CN = 5 -65206.351 -65212.663 
Eu on 15-ring GOO-, CN = 5 -77687.126 -77693.235 
Eu on 15-ring GOCOO-, CN = 6 -80772.745 -80778.145 
Eu on 15-ring GOO-, CN = 7 -81849.550 -81855.018 
Eu on 15-ring GOO-, CN = 6 b b 
Eu on 15-ring GOCOOH (bidentate), CN = 7 -82860.171 -82870.430 
Eu on 15-ring GOCOOH (bidentate), CN = 6 -80778.900 b 
Eu on 15-ring GOCOOH (bidentate), CN = 5 -78697.466 -78708.539 
Eu on 15-ring GOCOOH (monodentate), CN = 4 -78697.095 -78708.777 
Eu on 15-ring GOOH, CN = 7 b -81866.320c 
Eu on 15-ring GOOH, CN = 6 -79774.378 -79785.346 
Eu on 15-ring GOOH, CN = 5 -77692.935 -77704.128 
aPoint-energy calculation convergence was not acheived. 
bPoint-energy calculation not performed. 
cGround-state geometry not confirmed, energies may not be accurate. 






U on three-ring GOCOO-, CN = 6a -49267.833 -49268.464 
U on three-ring GOCOO-, CN = 5a -47186.681 -47187.473 
U on three-ring GOCOO-, CN = 4a -45105.434 -45106.517 
U on three-ring GOO-, CN = 5a -45177.807 -45178.441 
U on three-ring GOO-, CN = 4a -43096.721 -43097.516 
U on 15-ring GOCOO-, CN = 6 -127493.443 -127494.376 
U on 15-ring GOO-, CN = 5 -123403.506 -123404.470 












Eu on three-ring GOCOO-, CN = 6 -63094.761 a 
Eu on three-ring GOCOO-, CN = 5 -61013.404 b 
Eu on three-ring GOO-, CN = 6 -61086.526 -61088.727 
Eu on three-ring GOO-, CN = 5 -59005.201 -59007.801 
Eu on three-ring GOO-, CN = 4 -56924.186 -56926.851 
Eu on 15-ring GOCOO-, CN = 6 -129743.871 -129746.018 
Eu on 15-ring GOO-, CN = 6 -127735.472 -127737.721 
aPoint-energy calculation not performed. 
bPoint-energy calculation convergence was not acheived.
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Appendix F: Additional Results of Calculations Performed for UO2
2+ and Eu3+ Sorption to Three-
ring GO Sheets 
 
In addition to the geometry optimizations, frequency calculations, and gas-phase point-
energy calculations performed for U/Eu sorbed to two three-ring GO sheets (see section 6.1.2), 
a variety of aqueous-phase point energy calculations were performed for these systems. 
Geometry optimizations, frequency calculations, gas-phase point-energy calculations, and some 
aqueous-phase point-energy calculations were also performed for U/Eu sorbed to one three-
ring GO sheet, assuming a post-sorption CN of five for both U and Eu. For comparison purposes, 
aqueous-phase point-energy energy calculations were attempted using both B3LYP and M06-
2X39 functionals, and PCM and SMD implicit solvation methods. Like the calculations described in 
Section 6.1.2, these calculations used the CRENBL ECP and associated basis set for U.  
The gas- and aqueous-phase energy values were used to calculate ΔE values for the 
sorption reactions producing each three-ring GO+sorbate system. Table F.1 lists these values, as 
well as values for the UO2 asymmetric stretch, where applicable. The reaction numbers in the 
table correspond to the reactions listed and numbered in Appendix B.   
For the UO2(H2O)5 component of reactions 1 through 8 in Table F.1, the geometry 
optimization was performed using the 6-311+G(d,p), rather than 6-31G(d), basis set for H and O. 
This was done due to the difficulty in achieving convergence of the UO2(H2O)5 geometry at the 
B3LYP/CRENBL/ 6-31G(d) level of theory, and it represents a deviation from the methods used 
elsewhere in this work. However, as geometry optimizations are generally relatively insensitive 
to increasing basis set size beyond 6-31G(d), it is unlikely that this makes a significant difference 
in the optimized geometry for UO2(H2O)5, the frequencies and energies calculated using that 







Table F.1: Additional results for calculations of UO2
2+ and Eu3+ sorption to three-ring GO sheets 
 































1 U COO- 1 3 970 -8.34 -0.97 -0.55 -0.56 -0.19 
2 U COO- 2 2 962 -13.34 -2.15 -1.96 -1.02 -0.87 
3 U COO- 2 1 966 -12.67 -1.87 -1.36 -0.89 -0.44 
4 U COO- 2 0 972 -11.91 -1.61 -0.84 -0.62 0.08 
5 U O- 1 4 933 -8.77 -1.41 -0.91 -0.88 -0.55 
6a U O- 2 4 b b b b b b 
7 U O- 2 3 931 -12.89 -2.20 -1.98 -1.28 c 
8 U O- 2 2 937 -12.29 -1.97 -1.40 -1.29 c 
14 Eu COO- 1 3 - -10.52 c c c 0.81 
15 Eu COO- 2 2 - -17.94 c c c c 
16 Eu COO- 2 1 - -17.07 c c c c 
17a Eu COO- 2 0 - b b b b b 
20 Eu O- 1 4 - -11.31 -1.37 c -1.06 c 
21 Eu O- 2 4 - -18.80 -2.00 c c c 
22 Eu O- 2 3 - -17.96 -1.78 c c c 
23 Eu O- 2 2 - -17.43 -1.53 c c c 
(-)Not applicable. 
aConvergence not achieved for geometry optimization of GO+sorbate. 
bNot calculated due to failure of geometry optimization. 




Appendix G: Detailed Discussion of Differences in Computational Parameters and Methods 
between the Present Study and Previous Studies of Actinyl Sorption to GO 
 
 The results in Section 6.2 for actinyl sorption to GO were calculated using 15-ring GO 
sheets and PCM solvation as implemented in Gaussian09. All systems were assumed to be at 0 
K, and no ZPE corrections were applied to the system energies used to calculate reaction 
energies. One study13 of UO2
2+ sorption to GO utilized (for the results provided in Tables 6.5 and 
6.6) the same functional and basis sets as the present study, but used 20-ring GO sheets and 
SMD solvation, and applied corrections for ZPE and thermal enthalpy (i.e., the systems were 
assumed to be at 298 K) to the system energies. The study15 of NpO2
+ and PuO2
2+ sorption also 
utilized the same functional and basis set as the present study, utilized 20-ring GO sheets and 
SMD solvation, and applied corrections for ZPE and thermal enthalpy, but it also applied 
corrections for the thermal entropy associated with the systems being at an assumed 
temperature of 298 K. 
Another study14 of UO2
2+ sorption to GO used a different functional (PBE1PBE63) and 
basis sets (Stuttgart-Dresden-Bonn for U, cc-pVDZ64 for O, C, H) than all other studies, and used 
ten-ring GO sheets and PCM solvation. The solvation method was applied for all calculations, 
including geometry optimizations, instead of only for certain point-energy calculations, as was 
the case for other previous studies and the present study. It was not clear whether ZPE and/or 
thermal corrections were used. This study also used a different model reaction for calculating 
reaction energies; rather than being removed from the GO+UO2
2+ systems, the explicit inner-





Appendix H: Calculations Performed for More Direct Comparison with a Previous Study of 
UO2
2+ Sorption to GO 
 
 To compute reaction energies that could be more directly compared with the values of a 
previous study13 of UO2
2+ sorption to GO than the results shown in Section 6.2.3, some 
additional calculations were performed. These calculations were performed using 20-ring GO 
sheets, and the SMD solvation method was used for the aqueous-phase point-energy 
calculations. However, these calculations did not use the energy corrections (for ZPE and 
thermal energy at 298 K) that were applied for the previous study. Table H.1 lists the results of 
these comparison calculations, as well as the comparable results from the previous study. The 
reaction numbers in the table correspond to the reactions listed and numbered in Appendix B. 
Note that the geometry optimization input geometries for these calculations were provided by 
the authors of the previous study13. Also note that some results shown in Table H.1 were also 
used for the GO sheet size comparisons in Section 6.1.1. Those results, which are listed in Table 
C.1, are repeated here for clarity. 
Table H.1: Calculations performed for more direct comparison with a previous study of UO2
2+ 
sorption to GO 
 
































2+ COO- 960 95913 -8.25 -8.2513 -0.57 -0.5013 
5 UO2
2+ O- 937 93713 -7.71 -7.7113 -0.59 -0.4913 
 
The asymmetric uranyl stretches (960 cm-1 for UO2
2+ sorbed to COO- and 937 cm-1 for 
UO2
2+ sorbed to O-) calculated and shown in Table H.1 are in almost exact agreement with those 
calculated by the previous study (959 cm-1 for UO2




sorbed to O-)13, which is expected given the similar parameters used for the two studies (the use 
of energy corrections is not applicable to frequency calculation results). The gas-phase ΔE values 
(-8.25 eV for UO2
2+ sorption to COO- and -7.71 eV for UO2
2+ sorption to O-) are identical for the 
two studies. As energy corrections were applied for the previous study13, but not for the present 
study, this suggests that the effect on gas-phase ΔE values of using energy corrections is 
minimal. For aqueous-phase ΔE, the differences between the values calculated by the present 
study (-0.57 eV for UO2
2+ sorption to COO- and -0.59 eV for UO2
2+ sorption to O-) and the 
previous study (-0.50 eV for UO2
2+ sorption to COO- and -0.49 eV for UO2
2+ sorption to O-)13 are 
more significant, suggesting that the use of energy corrections has a greater effect on aqueous-
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